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APPENDIX K=—1

AFPFENDIX K GRUMMAN AEROSPACE CORPORATION

PROJECT INTEROFFICE MEMO

Cell Terminal D55 02

Development

20 October 1970
From: M. Wertheim - POD - Ext. 91h2
To: 8. Gaston

Subject: CELL TMPEDANCE AS A FUNCTION OF TERMINAL GEOMETRY

Reference:  a) WAS9- ll()’(h
' b) = Eagle Picher Dwg. 85-40-138-5 "Terminal A.ssembly"

The writer 1s concernmed that the present internal terminal gecmetry
represents a potential problem with regard both to series equivalent
reslastance and series egquivalent inductance. The latter, particularly,
seems to be poorly handled, and the writer is concerfied that the electrical-
dynamic characteristics may be highly adversely effected.

It must be pointed out, at this Juneture, that to do a complete
anelysis of the resistive-inductive effects would require detailed knowledge
we do not have. In fact, due to the discontinuities in the termination
construction, it is _pro'bable such an analysis will require a computer to
provide an ltermctive solution by a-combimation of regression and supers
position techniques. Certam besic principles ¢an, however, be pointed out.
These follow:

- 1. Inductance

Inductence of a straight length of wire is (MKS (K] units)

F = =l ‘ he meter 1)
Ty 73 | nry/ - | (1) |

= magnetic chargé. (weber)

e % | "

ter\a)-i-"’\ . . - o (2)

B
]

~
bl

i

PRECEDING PAGE BLANK NOT FILMED
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M. Wertheim - Page 2

Power, Optics and Displays Engineering Section 20 October 1970

T B ) s D R k00 e e e e e e R s o W e e e Y

substituting (2) into (1)
m2 H
F = 41T B LZ. (3)

but H = I/ (letting n = 1) ampere-turns/meter (4)
substituting in (3)

o m*T
iy

Now I = JA_, where J = current density
across conductive ares ’ Ac.
\‘Y'\ZTAC._

Thus F = w henry/meter (6)

Finally A 1is also the ares through
which B alts, & @ = BA, - - substituting:

mET B2

F = I henry/meter (7

As A changes, dﬁ will change, J will change,
afd, finally, F will change.

AF 3. 0T oF

b—

Therefore ) A = ﬁ' gxc m

henry/meter (5)

From 7, differentiating,

AN mzAl (8)
AT 4n ¥ (3
3T - 8rd{3F (9)
é:gc_ mz ACB
2F w2 TAS
33 e (10]

Doing the indicated multiplication, and writing
in differential form

¢r‘-\2:r/:\¢_
F= A
AFe e A

(1)
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M. Wertheim .
Power, Optics and Displays Engineering Section

Vo e e S L A L S R e P e A o A rh e e kA

_ Page 3
20 October 1370

Y N M e

 Dividing by F to find tle rate of change of lnductance per unit Ac

. | N | ; .
' %E:, Z-C..b.. AAC =2Bhd A, =28%A dAc

Resubstituting the defiﬁition previously noted

dF 2 TZA 3 & henr /mc*é\“
akb _2p ¢ . 1
F £z dAQ hév\f:f/ M e

This demonstrates tha£ the rete of,change,of
inductance as A changes is a function of the

2 .3
A
product J° A

By superposition summation, actual total -
inductaence can he derived from the plate
to the terminal (¢:0+a €+ €. ) for each
plate end, and the “terminal inductance -
obtained by peralleling the individual
inductances. One problem is that A, i8
extremely difficult to determine in

spot welded joints - - thus seam or
fusion welding is highly recommended.

2., Resgistance

A similar analysis,will show that' dR/R
is & function of the J° A, product. Thus,
~ anything done to reduce sgquivalent series
inductance will also reduce series
resigtance, but by & smaller amount.
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M. Wertheim Page 3
Power, Optics and Displays Engineering Section 20 Qctober 1970

Mo Ak e b o S b o R S e U R A R e R T e e M M e T R A A A e e e e tar S A A e b

Conclusicn:

The internal terminal flags must be made deeper to decrease dA, and
increase A,, decreasing J. The result will reduce series inductancé
materlally, and avoid charge-loop problems. This should be done even
if case height is penalized by .2 te .25 inches.. A secondary result will be
reduction of terminal hot-spots, improving relisbility. It must be noted
that if equivalent series inductance is .01-,05 pH (& probable value),
and circult Q of the cell is about 2«5 {also proﬂzble), the rate of change
of charge current allowable will be in the order of several minutes. Higher
rates will produce either severe instability or excessive cell power
dissipation or both. It is worth noting that this may have been what
Gulton called "polarization” losses, causing reversion to opposite end
terminals. It would also be desireable to attempt to simulate the Gulton
terminal design rather than simply try to change the present E-P design.

MW :1m

CC: J. K. Benz
E. E. Miller
D. Lehrfeld
A. Winegard/B. Lijoi
ﬁﬁ:‘flﬂ,}f L
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| 'APPr'.‘N'm'x K—=2

APPE[‘IDJX 1 TO NOVEMEEIR 1971 PROGRESS FEFORT

umary of Large Size Termlnal Seal Problem, as discussed at NASA/GSFC Battery Workshop,

November 17 and 18,19'}’.1.

'I’he iarge slze terminal seal problem was discussed both at the genaral
>rkshop meeting and separately among E Carr (Eagle Picher)‘ , R. Turner ( Cexamasea;),
nd S. Caston (Gmmman) | |

CA shert'sxmai‘y of the various opinions expressed, and possible solutions
roposed are described below: | B
» A weakness in .sorne large size.CeI'e,xziae’eal terinin&ls was detected, which can give
ise to cracking in th.e -c_’eramic-bo.dy _'and subsequent 1eel;e.ge,thmugh the seal.
Jghes attributes this to _.-’e'iteniwn di:ffugion‘into the ceramic.Titanivm is used ae
1 detivator for the braze maferial) | |

This problem never occurred on the smaller slze terminals for cells up to. and
lcluding 20 AH,
» Hughes' apparent solutien is use of their own temine.l design, This wtilizes
butt_seal ‘coni‘igurafion and, apparently, inert components,. The_re has been no
raluation of this design on 'reai eells to dete, and none seeme to be planned, They

re, however, in process of marketing this terminal,

The GE butt seal design perfbnmed vell under bxtbaded cell testing on smsller
288 (6 and 20 AH cells). No large size temminals have been tested. GE is presently T

:nstmc’ting a 3/8" diameter Jcex‘nu‘.nxss.l. Lo

diameter is used on the 100 AH cell for
1is pmgmm.) Cells w:Lth these teminal seals were purchesed and will be
'aluated by TRW '

Ziegler seal - This compresslon-type seal has been reported for geveral years by
:'11 Labs. Recently they have ‘added a tei‘lon ring to overcome an unspecified design
ol:-wlem; ‘Tha 1argest diameter temina.l built and tested was 5/16", Bell apparently

es not plan to market this seal., They prefer to license it to another manufacturer.

373



Page 2
Appendix 1

Therefore, an inltial investment is required, as well as a "learning curve", bvefore

sultable large size terminal seals can be produced even in small quantities.

5, Ceramaseal - This seal (the current standé.rd design) was evolved from commercial

designs. Tt has shown certain shortcomings which should be corrected. Specifically,

most ceramic bodles were supplied with a "glazed" silica coating to reduce forelgn
material accumulation on the surface. Since silica is attacked by the cells' KOH
electrolyte, its presence can easily result in formation of a leaksge path at the
glazed surface, Hard potting compound is used around the terminal stud to £ill the
tolerance vold., This potting has a significantly different themal expansion
coefflcient than the other mateérials and could easlly crack. When the need for larger
gize terminals arose, the smaller unit was simply scaled up.

To eliminate these problems, the following actions were suggested:

A) Incresse the alumina purity from the present 94% minimm to 99,5% minimum.

(There is also a high strength 99,9% aluming avallable from Goors. However, long
delivery schedules preclude its use in the near future.) - This change will
result in lower silica content.

B) Fliminate the glaze - Again, surface attack by the electrolyte is thereby avoided,
An Increase in processing cleanliness level to avold associated surface contamin-
ation is then reguired.

C) The "cap" and "flange" materials should be upgraded from 42% nickel (58% iron)
to 52% nickel (48% iron), This will eliminate use éf copper plating, which
had been necessary to obtain a good braze Jolnt. The presence of copper is
undesirable since copper-oxide 1s soluble in the electrolyte,

D) The "cap" and flange parts should be spun and machined to obtain closer dimensional
tolerances (+.001"),

E) The ceramic diameter should have a closer tolerance (+.0005" appears feasible).

¥} Greater control of the braze material gquantity should be exercised.

G) General material and process quallty control should be instituted. Ceramaseal

has agreed to comply with the EP-MS-122,
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Appendix 1

H) Although no immediate solutions for the potting componndh thermal expansion
problem presents itself, a continuing investigation is belng made. Specific

suggestions will be forthcoming as they are developed.
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APPENDIX K-3
FROM o Tagton © © 567/FOD 35 olh2 DATE 10/7/71
NAME GROUP ND. & NAME PLANT NG EXT,
TO! N NO,

J. Rogers, LM Subcontracts D559-1~33
SUBJECT: GRUZAN'S REFPLY ON THE CERAMIC SEATL REDESIGN, AS PROPOSED BY FAGLE PICEIR
teference: a) Combract RAS 9-1107h

b} Grumman PO #0-15161
¢} EP letter on this subject dated 11/30/71.
Helosure: 1) EP-MS-122 "Quality Assurance Specification for the Manufacture of Ceramic
to Metal Seals"
2} Appendix "A" to Grumen AVO D559-1-33

Please urgently transmit the below listed Grumman comments on the ceramic geal
redesign to Fagle Picher for immediate action,

Grummsn hereby approves the Fagle Picher recommended changes listed in the above
Reference ¢) document and listed belows

1.

. List of Changes

Increase the ceramic purity to 99.4% minimum aliumina content,
Eliminate the glaze on the ceramic, .

Make "eap" and "flange” parts from 52% nickel-iron alloy, Parts are to
be spun and machined,

a.
b,
Ce

d.
e.
f.

Thé ceramic outer diameter s
The wetal parts diameter Joi
A greater control on the amo

hall be 0,750 £.0005 inch,
ning the ceramic shall be 0,756 %.001 inch,
unt of braze shall ocecur,

2., The seal redesign listed above shall becone effective immediately and shall
be applicatle starting with the next 27 cell group (Reference b) purchase order,
Section A, Items No. 4,0-6,0), Tt seems advisable at this point to construct
teminals for the 27 cell group only and wait for some Preliminary test results
until the terminal construction for the life test cells will start (PO Section
A, Items 7.0 and 8.0}, especlally until the cells' mechanical tests have been
successfully completed, However, a review of the bresent cell construction
schedule is required to assess the situation. Fagle Picher 1z to review the
Present cell cors truction schedule and to submit their comments on this concemn
A good compromise with respect to the schedyls appears to be by
purchasing the temminal corponents for the life cells now and hold-off their
assembly until some test resulis on The next 27 cell group are available,
3. Gruman feels that the stated ten week Ceramaseal delivery schedule is unrealistic
and could be shortened. Grumman will assist EP 4in reducing this delivery
schedule, if this assistance is desireq by them,

ITT ARy, 4
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b. Gruman has the following comments on the documént action for the terminals,
These comments should not delay the go-ahead in the purchasing cycle. How-
ever, they must be serdously considered and must be complied with on cells
under this contract. ' ‘

a, The EP cell assembly, cover assembly and terminal drawings shall be
finalized by EP incorporating Grumman comments . issued in AVO D559-1-24,
dated August 20, 19Tl. Up to date no response from Fagle Picher on this
memo has been received by Grurman. The terminsl dimensions listed ip

: - Gruman drawing no. 559-104 AV must be kept, '

b. Supply the ceramic material strength data for 99.4% vs. 94% alumina materiel-

~+ @s requested by the writer at the Battery Workshop meeting last month.

¢. - Grumman has reviewed the EP MS-122 document, Comments are shown in
Enclosure 2. to this AVO, These comments shall be reviewed by Eagle

Picher. . . . . A o i MLJ-J Al

d. Supply a lréply on how "greater control on the amount of braze” is
exearted by Ceramaseal. ,

5. EP is to submit all cost breskdown documentation for all cost changes listed
in above Reference c) document to review the cost impact to this purchase
order, ‘ ‘ .

Q
(o]
-

Benz

Cioni, NASA/MSC
Carr, EP.

Ford, NASA/GSFC
Fogter, QC

Harsch

Mallard, GAC at EP-
Miller . '
Wannamaker, NAVFPRO

* - p:g.tljf-'q

’;Utlj:;l:iﬂ
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APPENDIX K -3

EP-MS-122

_QUALITY ASSURANCE SPLECIFICATION
FOR THE MANUFACTURE OF
CERAMIC-TO-METAL SLALS

13 AUGUST 1971

EAGLE-PICIER INDUSTRIES, INC.
ELECTRONICS DIVISION
COUPLES DEPARTHMENT
JOFLIN, MISSOURI

L 7

Engincering

,,-,4' /,,/
by o INIR _’_(:_,_/:_,

Quality assurango
4 ;
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1.0

2.0

EP-115-122

QUALITY ASSURANCE SPECIFICATION
FOR THE MANUTACTURE OF
‘ CERAMIC-TO-METAL SEALS
A

COFE . ' ‘

w

) ‘ o4
1.1 This docuvent contains the winimum requirements necessary for

¥

'”ffthe_production of ceramic=to-metal seals for use in high reli-

abillty nickel-cadmium spacecraft cells.

APPLICADLE DOCITIENTS

.2 1 The fo;lo“'ug documents of the issue in ceffect on the date

of receipt of this document are to be considered an iqtegrai
. part to the extent'Spééified herein.
standiggi t -

Military

. MIL*STP-IOO.: Engineering Drawing Practices

MIL-STD=105D - ampling Procedures & Tables For
k Inspectxou by Attributes ‘

MIL-STD-271D hcndestructlve Testlno Requlrements
' For Metals '

MIL~STD=~767A Cleaning Requlrements For Special Purpose
S Equlpment Including Piping Systcus

Federal =~
EED-STD-lSi ;'Metals;_Tegé Methods

Specifications

_ Military

MIL-B-7883B ‘Brazing of Steels, Copper, Copper Alloys,
Nickel Alloys, Alum1num & Aluminum Alloys

MIL;iinA“" InSulating Material,, Electrzcal Ceramic,
~ Class 1L

MIﬁrW&SEllA :__Welding,-Hetal_Arc~&rGag,_Steelg-&_CQ;rosicn
: 3 & Heat Resistant 4}19y;; Process For .

NASA

5-116;P4i3 Interim Model Specification For'High

Reliability.Wickel-Cadwium Spacecrafe Cells
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3.0

AEC

MATER IATS

$5209587 Resistance Welding
9902119 Plating, Electrodeposited, General Requircments
400220 Class 2 Welds In Corxosion Resistant Steels

ATy

Lo PECTTOW

3.1 Metal Parts

3-1.1

3.1.2

3.1.3

Metal parts (cell cover, terminals, stress relief collars,
braze cups; etc.) shall be sample inspected under 10X
wagnification for visuwal defects such as blemishes, pits,
cuts, cracks, filé marks, weak points, incomplete penew
tration, ete. (4QL Level II 1.0 per MIL~-STD~105D). ény

such defecté which gould conceivably interfere with the
intended function of'the final assembly shall be considered
cause feor rejectien.

Metal parts shall be sample inspected for dimensional con-
formance to specific drawings (AQL Level II 1.0 per MIL-STD~
105D). Dimension and tolerances not specified shall be
Interpreted pex MIL-STD-100. Where it is impossible to
measure the thickness of formed parts, a minimum of five

(5) parts shall be sectioned to verify they do not exhibit
excessive thinning.

The vendor is responsible for obtaining material certifica-
tions containing the following minimum information - supplier
name, alloy designation, batch number, and certified analysis
of chemical composition and physical properties. The

vendor shall zlso perform lct verification spectrographic
analysis tests, Testing.shall be in conformance with
FED-STD~151,
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3.2 Ceramic Bodies

3.2.1

3.2.2

3'2.3

3.2.4

_'3.2.5

3,2.6

A 1007 visual insPection is reqqire& of all ceramic bodies.
Material,shall be white in color and uniform in texture;
afeas'df discolorétion exceeding 107 of theISurface aréé
are nmot acceptable. Discoloration is not permitted in

any areas designated as "seal” areas.

Adhesions, bumps, inclusions, chips, or hLoles are not

- acceptzble if they are excessive or exceed dimensional

u'toléfqﬂﬁés.‘ Such surface defects are not permitted on

any surfaces designated as ''seal" areas,

Unglazea surfaces must be clgén and free .of conﬁamination
that cannct be removed wi;houtliﬁjury to the surface of
tﬁe'ceramic body:

Glazed sugfaces mﬁst be smooth aﬁd continuous and have a
glassy appearance. Surfaces must be clean and free of

dirt, smudges, or metallic deposits that cannot be removed

without injury to the surface.

ThiCknegé of glaze must be sufficient to cover minor surs
faée_imﬁerfectioﬁs. Cracksiqf érazing‘in'or'under the

'élaze are'néﬁ acceptablé. 'Sﬁifaté'giazing shéli be limited
to'ceramic.surfaces located outside of‘the.cell, Surféces
designated as "seal" areas shall be completely free of glaze.
Cerami.c bodies‘shail be éample'iﬁépected for dimensional
conformance to sPccific drawiﬁéé_(AQL Level II 1.0 per MFL~STD~
105D§. ﬁi&ensiuns and toleraﬂcés not specifiéd'shall be
interpreted per ﬂILfS?D-iOO. |
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3.2.7 Inspect 1007 for porosity by dye penetration method per
MIL-I-10A. 1In conjunction, parts shall be inspected 100%
for visible cracks which are not acceptable,

3.2.8 Ceramic bodies shall be sample inspected for specifiec
gfavity (4QL Level II 1.0 per MIL=STD-105D). Results must
£all within vanufacturer's specified limits.

3.2.9 The vendor shall be responsible for obtaining material

certifications containing the following minimum informa=
tion: Supplier name, ceramic designation, lot number, and
certified analysis of chemical composition and physical
properties. The vendor shall also perform lot verification

spectrographic analysis tests,

3.3 Brazing, Sintered Metol Powder Process (Moly-Henganese) And Active

Mztal Preoeess Materials

3.3.1

3.3.2

©3.3.3

3.3.4

fhe braze alloy shall be of vacuum tule qualiiy with a winfuay

carbon content and a low vapor pressure.

The vendor shall be responsible for assuring that a braze flag

test 1s performed on each lot of brazing alleoy to determine

{

solidus and liquidus points, The results shall be in conformance

with applicable braze alloy specifications,

The particle size and particle size distribution shall be

determined for each lot of sintered metal powder (moly-manganese)

wetallizing material. The results shall be in conformanece with

definite limits determined by previous successful manufacturing

experience,

The vendor shall be responsible for obtaining material certifi-

cations containing the following minivum information: Supplier

name, material designation, lot number, and certified analyscis

‘of chemical composition and physical properties. The vendor
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shall also perform lot verification SPECCrographiclanalySis
tests. Testing shall be in conformance with FED~STD-151.

450 WATERTALS CITANTNG AND HANDLING -

4.1 Metal Parts
| '4.1.1 Chemical cleaning shall be utilized on all metal parts
and a combination of chémicél cleaning and furnace firing
sh;li'be utilizeﬁ on upper braze cups and stress relief
‘collars iﬁ preparation for the vacuum brazing operations.

_ The chemical cleaning process shall conform to MIL-STD-767A.

. 4.2 Ceramic Bodies
4.2.1 Cerémic bodies shall first be cleaned in an ultrasonic
bath using Freén folléwed by a deionized water wash.
-The ceramic bodiés shéll then be air fired in a furnace
at a temperature of 1000°C i¢50°C,fof;é ﬁeribd of ona tl)
‘tﬁ four (4) héu;s. | | | | | |

4.3 Handlino Procedures

4.3.1 Parts shall be handled in such a fashion as to preclude
| any possibility of contamination by impurities or oils;
Parts are to be handled using oﬁly'clean, whité, lint=~free
gloves’d; bone-ﬁipped tweezersn ‘ -

4.4 Storase Procedures

4.4.1 Individual:pérts_shall be storéd immediately after completion
of Sections 4.1 and 4.2 in clean! covered containers in a
wanner to prevent damage. Parts éubject to corrosion shall
bé'atpfed in a-sealed containef ﬁtilizing a desiccagt. Ceramic
bo#ieglshall be stored in compartmentized containers.
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5.0 TREFRONMICTION MATTRIALS OQUALIFICATION

5.1 Each new lot of braze, sintered metal powder (moly-manganese)

or active metal and ceramic materials shall be qualified bafore

use in production.

5.1.1

5.1.2

A minimum of three (35 éover aséé%blics-ahall_ﬁé fabr{-

cated under the exact same conditions and controis as are
utilized in the production process. Each assembly shall

be subjected to the proposed ASTM Tensile Test (S-?lG-P—ZB).*
Fallure of a seal beldw 2 pressure of 600 pounds per inch

of ceramic digmeter shall be considered cause for rejection..
Cﬁver assewblies which pass Section 5.1.1, shall be sub=
jected to a destructive test., The Tensile Test shall
continue until seal fallure occurs; thé force required to
produce failure and the place of failure shall be recorded.

A ""Peel Test" shall then be performed to verify the ingegrity
of the seal. Break the ceramic wmaterial away from the ingide
cir;umference of the seafs-metalncounterpart which defines

the actual band of seal aré;. Examine-the seal area under.lox
mapgnification. An indication of non-adhesion areas (evidenced
by an exposed metal surface) totaling more than 20% of the
band axea or the indication of a point any place around the
clrcumference of the band in which the width of the adhesion

arca is less than 50% of the width of the band shall be comn-

sidered cause for rejection. *See Addendum.

6.0 COVER ASSEMDIY IRNCESSING

6.1 Mochanicnl Fixturins

Prior to tha assewhling operation, all mating surfaces shall be sub-~

Jjected to a 100% visual inspection for burrs or other protrusions.

.Burrs or protrusions which interfere with the proper fitting of parts

-or the.flow_of broze material

shinll be vempved, e
=k :



6.2

6.3

6.4

6.5

6.1.1 Méchanical fixturing shall be adequate to insure wain-
tenance of part positicns during the brazing operation,
Self-jigging features shall be included where possiﬁle.
Particular éttention shall ﬁa given to the alignﬁent of
terminal and ceramic sleeve to maintain concentricity.:
Fixtures used to hold parﬁs and assemblies in alignment
during bfazing shéll be designed to allow'expansion.of
tﬁe pafts during heating and contraqticn during cooling.
Jigs, fixtures, and clémps shall be‘of noncontamiﬁative
materiéls and should only irvolve point or line contacﬁ.

Cleaning

»

6.2.1 Juse pribr tb ﬁhe brazing operatiom, parts and fixtures
shall be cleaned im an ultrasonic béth using Freon. No
more tﬁén‘s hours shali be allowed to elapse between the
start of this last cleaning operation and the completioh
of the‘final assewbly brazing ope:ation. Provisions -shall

e made for the periodic cleaning of fixtures.

Fatallizirnes Coating (Sintered Metal and Active Metal Processes)

6.3.1 The wetallizing coating bands on tHe'ceramic bodyishall be
measured for thickness and uni formity on a sawple basis
(4QL Level II 1.0 per MIL-STD-105D). |

6.3.2 AllQQ% visual inspection under 10% magnificatién shall be
perf&rmed. Pinholes, th;n areas, and poor cd?erage shall

be considered cause for rejection.

.Yacuum Bell Jar Furnace

6.4.1 Prior to a production rﬁn, a test shall be'performed to

determinarthé temperature uniformity of the controlled hot

zone. The results must fall within the vendor's specified limita.

Brazing Onrrniion

U . { 1. .. T o] Qe bl . - o~ - - -
G.5.1 Tho PWARLGH ul,lcxat.a.ug*,d::.halx. b& in conformance with :111:“’3"78333-



6.6 Electric-Are Welding

6.6.1 Electric-arc welding on cover assemblies shall use

inert gas shielding and shall be in conformance

vith MIL-W-8611,
6.6.2 Heat sink fixture shall be utilized to protect the

ceramic-to-metal seal arcas during welding operations.

6.7 Resistance Welding

6.7.1 BRecistance welding on cover asgemblieslgﬁall be iﬁ
conforma;ce with 85209887, | -
vo8 Platiny (If applicable)

6.8.1 Cover assemblies shall be fixtured in such a fashion as to
o pfevéﬁt excess platinglsolutions from entering the ceramic-
metal terminal vents.

6.8.2 Plating applied to cover assemblies shall be in confermence

with 9902119.

7.0 COVELL ASSEMBLY TIN5 PECTION REQUIRLHENTS

7.1 Visual, 1007, 10¥ Magnification

7.1.1 Metal surfaces shall be inspected per Sectiom 3.1.1.
Evidence ofVSurface defects described therein shall be
considered cause for rejection.

7.1.2 Ceramic surfaces shall be inspected per Sections 3.2.1,
3.2.2, 3.2.3 an&—3.2.4. Evidence of surface defects
described therein shall be considered cause for rejec-
ticn, -

7.1.3 ©PBraze joints shall be inspected per Sectiom 4.4.1 of
MIL~B~7883B.

1+1.4 Electric-arc weld joints shall be inspected per Section

4.,3.1 and Table 1 of 400220,
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7.1.5 Resistance weld joints shail be inspected pef Section

3.7.3.1 of 55209887. ‘

7.1.6 Evidence of stéins or wetness causéé by pléting solution
leakage on thelccver surface in thervicinity of the
ceramic terminal post seal shall be considered cause

L3

for rejection.

7.2 Dimcnsional

7.3

7.4

7.5

7.6

A7.2.1 Cover assemblies shall be sample inSpgcted for dimensicn
conformance‘to.Speéific drawing (AQL Level II 1.0 per
MIL-STD-105D). Dimension and tolerances not specified

-

shall be interpreted per MIL~STD-100.

'Iﬁsulation‘Resistance
7.3.1 Cover.assemblies Shal; be inépééted 100% for insulator resise
fanéé; The electrical resistance between the terminal post |
and tﬁelcover shalllbe 160 megohms or greater when measured
at a'potential.qf 50 VOItSfDCf |
7.4.1 Cover assemblies shall be inspected 1007 for leaks. .The
. procedure used sﬁqll he-helium.ieak testing per Section 6
of MIL-STD-271D. Cover assemblies shall exhibit a maximuim
leak rate of 1 x 1078 ce's per second of helium.

Radioaraphic Examination

7.5.1 Braze jolnts shall be subjected to a sample radiographic
examinatiqn-pér Section 4.4.2 of MIL-B~7883B.(AQL Level II
1.0 pe;-MiL-STD-IOSDj. The pfovisions of thi;'secﬁiohbéhail
be performed only if directed by the'purchase order, |

Tenaile Test

7.6.1 A ninimum of one (1) cover assembly but not less than
4% of a day's production shall be randomly
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selected from a day's production and subjected to the
Tensile Test and inspection éefined by Sections 5.1.1
and 5.1.2. A failure at this point will require noti=-
ficztion of the Buyer for instructién on the disposition
of that day's production. . -

8.0 QUALITY ASSIAMCE PROVISTONS

8.1 Inspection Pesvonsibility

8.1.1 Unless otherwise speclfied in the contract or purchase
order, the vendor is responsible for the performance of
all inspection requirements as specified herein.

Except a5 otherwise specified, the vendor may utilize his
own facilities or any commercial laboratory acceptable

to the Government, - -

8.2

-f o - 1
UaLicy PTORYan

o]

8.2.1 The vendor shall establish, maintain, and operate a
quality program to assure compliance with all require-
ments specified herein. The pregram shall include, but
is not limited to the following pravisionsf
8.2.1.1 Quality Control Procedures and Instructions
shall be ' written and kept current for all

-=— -.. wmanufacturing and inspecticn operations associ-
"ated with the Buyer's contract. : Specific quality
©ontrol iuspection procedufes shall be used
‘for all inspection operations and shall be

available at all points of use, "=~

388 -



8.2.1.2

8.2.1.3

Controls shall be éstabl£shed and maintained
over the manufacturing processes to assure
conformance of the product to drawings and speci-
fications, Both inspectidﬁs and controls shall
be designed to.assure continuous control of the
quélity of parts, sub-assemblies and assemblies.

Records shall be maintained on all manufacturing

processes, inspections, tests and evaluations.

These records shall include data concerning both

conforﬁity and non-conforming products. Quality

'data from all available sources shall be systema-

tically collected, analyzed and utflized for the

prevention, detection and correction of deficiencies.

guhcontractors shall be evaluated to ascertcain

" their capabilities to provide the required services

and materials, and that necessary quality controls

exist during the period in which materialﬂis

‘being prbduced and delivered, Records of evaluation

'_ shall be matained as long as the subcontractor is

8.2.1.5

a current procurement source.

‘guitable methods and facilities shall be pro-

vided for controlling the'identification, handling,
shtpping and storage of material from the time of

receiptyuqtil delivery to Buyer. Procedures shall

be established to assure nonconforming materials

receive positive identificatioﬁ‘and prompt and .

centinued segregation from other material being

procesced or stored.
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8.2.1.6 The vendor shall establish and maintain a system

for the calibration of all measuring Instruments,
test equipment and standards. Calibration inter-
§als shall be established for each item on the
basis of stability, purposc and degree of usage,
C#librations shall be performed against standards
which have the capabilities for accuracy, stability,-
and range réquired for the iﬁtended use. Calibra-
tion procedures.shall be utilized and a record,
labeling and recall systemvshall be provided.
C&librations and measurements shall be performed

by qualified personnel in an environment controlled
to the extent necessary to assure the required
accuracy, Vendor shall assure that subcontractors

have an adequate calibration program.

8.3 Docunent Submittal

8.3.1 Each lot of cover assemblies subwitted to the Buyer shall

be accompanied by the following documents:

8.3.1.1 Certification of compliance with drawings and

8.3.1.2

8.3.1.3

specifications,

Material certifications (see 3,1.4, 3.2.4 and 3.3.3)
including vendors quantitative data from‘verification
tests, |

A brief technical report summarizing qualitatively
and quantitatively‘the resglts of the tests and

inspections performed under Sections 5.0 and 7.0.
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9.1 Containers

. 9,1.1 Cover assemblies shall be packaged for shipment in indi-
vidually cémpartméntizéd sealed containers., Each cover
'ésécmbly éhall'be éealed in a polyethyléne baglér equiva=-
lent sealed moisture-free eﬁveiope. The atmosphere inside
the container shall be-maiﬁtained relatively moisture~free
by the addition of a desiccant. packing shall be in
‘accordance with the best cﬁm@ercial practice and shall-

. ‘be sufficient to prevenﬁ damage to the‘cover assemblies

during shipment.

."n
&g ‘
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ADDENDIM

The following is an alternate test procedure which may be used
until such time as the proposed ASTM Test is formalized,
"Place cover assembly in dye and oven dry. Support .ﬁssembly

aud push on terminal post from cover end until failure occurg."
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—AIEENDIX ™?w"
Enclosure 2 to AV DS50~1~33

Grumman comments on Fagle-Picher document EP-MS-122 "Quality Assurance Specification
for the Manufacture of Ceramic-to-Metal Seals".

a. General

1.

12,

1‘3{

1k,

5.

16;
. 17-

18,

i

One copy of all technical data, reports, certification, analysis reports
ete, shall be furnished to Grumman.

b. Speeific

On Page 1 - under Applicable Documents - the GAC cell spec AV-D559CS-1
shall be called out. . ,

On Page 2, Paragraph 3.1.1 - Define "blemish vit, cut, crack, incomplete
penetratlon ete.. If these areas are not defined this 1ngpect¢0n is
severely‘weakenea and becomes ‘non-objective,

On Page 3, Paragraph 3 2,4 - Define "without ingury How is this to

be determined?

On Page 4, Paragraph 3.2.7 - Dye Penetratlon ~ What assurances are taken
to remve the ‘dye penetrant completely before further processing.

On Page 4, Paregraph 3.2.8 - Supply procedure and results to Grumman,

On Page h Paragraph 3.3 - Change minimum "carbon content" to & maximum
tolerance value,

On Page 5, Paragraph 4.1.1 - Specify furnace firing maximum and minlmum
temperatures.

On Page 5, Paragraph 4.2.1 - Specify details for ultra- -sonic cleaning,

guch as vibratlon range, time temperature ete.. Why is such a large time
gpan of 1 to 4 hours spec::;.:iaa‘c‘i.'P Suggest a closer tolerance be specified,
On Page 6, Paragraph 5.0 - Add that all of the units subjected to the tests
specified herein shall not be supplied as production wnits.

On Page 6, Paragraph 5,1.1 - It seems that "600" should be "6000", See
Grumman spec. AV-D559CS-1, Paragreph 3.4.6.1.4, Iot Tensile Test,

On Page T, Paragraph C.2 - Add that all components shall be handled w1th
lint free cotton gloves after cleaning.

On Page T, Paragraph C, 3 2 - Carefully define the listed regection crlterwa.
On Page 7, Paragraph 6.4 - Supply details to Grummsn.

On Page 8, Panagraph T:0 =~ Incorporate the sample terminal requlrement per
AV-559CS-1 cpec. Paragraph 3.4.6.1.5.

On Page 9, Paragraph 7.3 - Second sentence - change "the termlnal post"

to "each terminal post”.

On Page 9, Parasraph 7. h - See Grumman spec. AV-D559CS- 1, Paragraph 3.4.6.1.11
for addltlonal reguirements.

On Page 11, Paragraph 8.2 - Add "one copy of all applicable EP and Cerama-
seal QA doduments shall be supplied to Grummen. Subsequent . revision, nhanﬂeg
or modifications shall be submitted to Grumman for approval prior to
implementation. All records shall be kept for a minimum of (five) 5 years
and furnished to Gramman upon request.

On Page 11, Paragraph 8.2.1.5 - Eagle Picher shall also establish an
identiflcatlor and: control procedure to assure complete tracibility from a

cell serial mmber to the terminal component lot.
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AVOID VERBAL ORDERS

APPENDIX K-4
5/ "'5317-‘,'\.
- ek DATE
ROM 5. o¥aton 553/P0D 35 8u212 2/23/72
NAME GROUP NO. & NAME PLANT NO. £xT.
To: J. Rogers, IM Subcontracts NO. D559-2-2
E. Carr/W. Harsch 5A9- -
SUBJECT: 100 AH. BATTERY DEVELOFPMENT PROGRAM - METALLURGICAL ANALYSIS OF TERMINALS
' FROM CELL S/N 14.
Reference: a) Contract NAS 9-110T7h

GAC 377 REV, 4

b) Grumman PO #0-15161
¢) EP Group I Development Cell S/N 1k
d) GAC AVO D559-1-33

The positive and negative terminals of cell S/N 14 have received a metallurgical
analysis at Grumman. Attached to this AVO are crossectional views of these
terminals. The pictures clearly show a cracking of the ceramic under the

braze Joint. In addition voids in the braze are noticeable. These samples
confirm the findings by Hughes Aircraft, reported in the 1971 NASA/GSFC-Aero-
space Industry Battery Workshop, Transcript of Proceedings, page 57A. The
probable causes reported by Hughes appear reasonable,

It is hereby requested that these findings be immediately transmitted to
Ceramaseal for information, In addition, Ceramaseal shall examine metallurgically
a sufficient number of the terminals, presently being constructed under the
authorization of reference d) AVO, to assure seal integrity., Two (2) randomly
selected samples of these terminals shall be submitted to Grumman for examination.
These must show freedom from both the defects herein noted, and any other

problem affecting seal integrity, Combined results of Ceramaseal's and Grumman's
examinations and tests must be reviewed and approved by Grumman before any

seals of the current lot are used for cell header construction. The same
procedure shall be used for the last cell group (Life Test).

;notified as soon as Ceramaseal's program is underway.
-#8 Tequested that Grumman be informed when the samples for examin-
ation will be ‘available. Response is requested no later than March 8, 1972,

INFO cc:

J. Cioni NASA/MSC

. Ford NASA/GSFC

. Greenspan

Hine

Mallard, GAC/EP
Wertheim

. Wannamaker, NAVFRO
« Orehosky

m:dg::dlif-;':j

REFRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR.
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| NEGATIVE_TERMINAL
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POSITIVE TERMINAL

3%




.GRUMMAN INTER-OFFICE MEMORANDUM

APPENDIX K-k
FROM: ; 4. Winr@ Metallurgy/Welding 12 7351  DATE 31 May 1972
o NAME _ GROUPF NO.A NAME PLANT KO, EXT, :
. NO,
: ; M&P/MWE-1TM=T2-
S. Gaston 553 o 35 ./ -1-M-T2-69

ra' .

- SUBJECT:  EVALUATION OF TERMINALS FROM CELL S/N 14-100 A.H, BATTERY DEVELOPMENT PROGRAM

References: (a) Request to lahoratory, S. Gaston to J. CGreenspan, déted_e-h-TE,
© No. 22294

(b) Hughes Aircraft Company Report, dated 13 August 1971, Reference 71 {41}
- 08292/C1278-002 :

Conclusion:

1. In ell areas metallographically exemined, the braze-to-ceramic joint
-appeared to be sound; no braze diffusion into the slumina ceramic was
observed. : ' '

2. In each of three planes metallographically examined, on both the
negative and positive terminals, a crack wes observed in the ceramic
at the top of the braze fillet in the braze joint of the stress relie?f
member. ' -

3.f Some minor voids were observed in the braze alloy.

I Nb‘otherfeigns.qf'anuelectrolyte leak path was evident in the surfaces

- cemined. | REPRODUCIBILITY OF THE
Discussion: : _ ‘ ORIGINAL PAGE IS POOR

The positive end negative terminels from Eagle-Picher cell S/N 1k were
submitted for laboratory evslustion. The terminal seals were Turchased
from Ceramagenl Incorporated and consisted of a cup (LE% Wi, Cu rem.) and
stress relief collar (42% Ni, Cu rem.) with the metal-ceramic bond (breze:
Ag-Cu + 5% Pd) on the outer circumferentisl surface of the 4% alumina
ceramic bodv (Figure 1).

Both the regestive and positive ternminals were sectioned from the cover
segment. The terminals were mounted in a metallograpnic epoxide medivn

fbr sectioniny and metallogravnic preparation and ware sectioned vertical.y
for examination. '

The terminals were each examlned at three different planes. The planes
relative to the 0.D. of the ceramic were at 1/16", 3/16" and 3/8". e
braze/ceramic interface in each of; the planes wes microscoplcally
exanined at 100X and 25CY magnilication. Typlenl nrees obzerved wers
photographed (Figures 2 and 3). The surfaces wers examined in the as-
polished condition in order to prevént any detrimental attack to the
braze Trom the etchant. :

:-‘.'i. IVO ORMt ¥, ? . ‘ 3 97



INTEROFFICE MEMORANDUM - . ' © 31 May 1972

J. A. Winn to S. Gaston M&P/MWE-1-TM-T2-69

D gh R D O 0 2 b 3 O D B 00 e 3 T 2 0 A R 2 e e o e

All braze areas appeared to be satisfactory. However, in each of

the three planes examined In both terminals, a crack was present in

the ceramic a®t the top of the braze fillet in the joint of the stress
relief member. As these cracks were evident in each plane and at
points 180° apart 1t may be concluded that the crack continued asround
the periphery of the ceramic. A typical crack condition was documented
at 100X magnificetion (Figure 2). ‘

Microscopic examination of the remalning areas revealed no other signs
of en electrolyte leak path through the terminal assembly. .

JAW: Jb

ce: T, Main/J. Mz inhardt
T. Wolfe §,
T. Barberc

J. Brennan

E. Caprioglio
. Franzese
Gelderman
Kraus
Pelliclone
Turner

. Tuttle
Weizenecker
Wirth

Wood

. Greensna n\%g

. s

TEEQXOoODYEeS

e
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'EAGI_E-PICEER CERAMIC-TO-METAL TERMINAL SEAL

FIGURE 1

Typicsl construection of terminal.
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M&P/MWE-1-IM-T2-69 Page k4

Mag: 2X . Mag: 100X

FIGURE 2 | O

Left - cross section of terminal showing location of crack.
Right - enlarged view of crack in ceramic at braze/ceramic
interface at top of braze fillet. This type of crack was
observed at-both terminals. :

UCIRILITY OF THE
POOR

REPROD ,
ORIGINAL PAGE 1S

FIGURE 3 Positive Terminal Mag: 250X U

Braze/ceramic interface at stress relief member surface.
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APPERDIX K-5

FN 5. ‘ohston Fop/ 553 35 X842z DATE 27 December 1972
| NAME GROUP NO. & NAME PLANT NO. o £XT.
Yo . :  NO.
o J'.‘ Rogers, IM Subcontracts . AVO D559~2-39 -
jsus..lEt'::"l':- 100 A. ®, BATTERY DEVBUJHETHT PROGRAM - REQUEST TO EAGI.E-PICHED T0 RESOLVE
' CELL TR ALIAL DESTGH Al 70. ENFORCE QJAL"‘"Y ASSURANCE PPOVISICID 01 LAST
-~ GROUP OF DELIVESABLE CBilS
ROFER@NCE:  a) Comtract NAS 9-lIO74
' \b% Gruman P.0. #015161, Section B, Items 7.0 + 8.0 w : .
¢) Transcript of Proceedings of the NASA/Goddard—Aerospace Bettery Industry
T Battery Workshop, 1971 S
i , a; Grumman AVO D559-1-33, dated 12/7/T1 _
e E.P, - MS-122 "Qnality Assurance Specification for Manufacture of
' Ceramlc-To-Matal Seals
. ENCLOSUEE: 1) Summary of Battery Cell Terminal Status and Immedlate Sﬁeps to be Texea 0

Py

i

U e

TGAC 37T HEv. 4

R T R T T

Complete Last Group of Cells

Please Lransmit abtached Enclosure 1 for immediate action by
Plcher to complete the last group of cells.

.

IWEQ Cc:'

E. Carr, Eazle~Picher
J. Cicni, McA/fa:ouumw

. F. Ford, HASA/GSF

T. ! 1ller
T. Hine
1. Wertheim

Lol



ENCIOSURE 1 to AVD D559-2-39

IMMEDIATE STEPS TO BE TAKEN TO COMPLETE IAST GBDUP_OF CFLLS

Cell terminal seal weaknesses have troubled the 100 A. H.
Battery Development Program since its inception. These weake
nesses were described 1n a number of this program's monthly
progress reports and discussed and documented in Ref. ¢),
Attempts to resolve them successfully had failed in the past
to the point that a mmber of recently constructed parametrie
test cells have shown terminal seal leakage, from shortly
after construction through after delivery to Grumman, necessi.
tating the use of potting around seal areas, This fix is and
cannot be acceptable for life test cells (see Ref. b).presently
under construction, since seal integrity is a life limiting
factor. As a result, Ceramaseal was requested to consider
using their recently developed "Butt Seal" terminal design for
these cells. One sample cell cover with two "Butt Seal" ter-
minals was furnished to Grummen (received on November 10, 1972)
for a leak test and wetallurgical analysis,

A lesk test on these terminals showed that they can successf‘ulb
bass the maximum specified heliwm leak rate. Subsequent metal
lurgical analysis verified that this terminal looks superior to
those supplied rreviously. A few improvements are indicated in
the following areas:

l. Better cléaning at bottom weld to cover - a burr was left
at the cup and weld penetration could be improved.

2, Incomplete braze penetration - braze meterial flovs tovard
the perimeter leaving less material near the inner dizreter,
Note: Photographs taken of the above are being reproduced

. 8nd will be issued later in ar addendum to thic AV

To strengthen this terninzl design in the areas outlinsd atove
and to expedite delivery of the life test cells with +his ter-
minal, Eagle-Picher was contacted to arrange a meeting with
Ceramasezl at the Gizman Metallurgical Latoratory as zcon ac
possible,

This meeting was held on Decembor 12, 1972, Tt was =tiended 77
W. Harsch (Eagle-Picher); R, Turner, M, Eredbenner (Cerarmnzeal),-
and S, Gaston, M. Wertheim, J, Creenspan, J. Winn, P. Cenw
(Grumman). Ceremaseal indicated during this meétinz that acddi-
tional modifications were made on this terminal since the samlz

i
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- Summary {Cont'd)

ENCIOSURE 1 to AV0_D559-2-39

was constructed. They also felt that the above comments were
valuable, but that this design will do the Job and meet re-
quirements., They will undertake no additional development
work on this program due to lack of additional funds, but will
strive to achleve desired improvements.

Since the 1ife test cell delivery is long overdue, with con-
comitant serious delays in thé start of this test phase, the
following immediate and quick a.ction is necessary.

i Assuram:e must be g:lven that the finalized term:mal mist
be of "good quality". That is, that all of them can pass
; thedr helium leak reate requirements and components are
 de-burred and clean prior to0 brazing or welding. That
' good braze and weld joint has been obtained without
fissures in the ceramic. A minimum number of samples
shall be metallurgically examined to assure good weld and
bwaze integrity. As soon as this goal has been achieved,
. mo furtheér design or mamifacturing technique changes are
- pemissible on a.].‘l_ li:t‘e test cell terminals.

2'. Cepies of all datd obtained and magnified metallursical
photographs shall be furnished exgeditiously to Crumman
Lor rev-iew and appmval.

3. Finalized terminal design drawings and cover dr:w%nés
. 8hall be furnished qu:.ckly to Grumman for information.

L. The Qua.li’cy Assurance Specification for the manufacture
" of ceramic-to-metal seals, BE.P,~MS5«122 and comments listed
in Grumman AVQ D559~ ~1-33, dated 12/’('/71. ghall be re-
viewed quickly for specifiied terminal material and dlmml-
sional changes. These changes shall be imediately tran:
mitted to Grumman for approval, Thenceforward, shis
: 'spec:.ficatlon must be enforced and copies of awl test data
and materizal certifications for all life cell terminals
- must be furnished to Grumman for information {none of the:.
date were furmished to Grumman on the parsmetric cells)

Compliznce with these requirements will avoid the lezk problem
found in the parametric test groups. It will further obviate

the necessity to spend valuable test prepuration Lime to resss’

[ T,

cells, Fipally, dny danger of carbonate contaminstion from the
atmosphere due to excessive leakage will be eliminated.

REPRODUCIBILH‘Y OF THE
- ORIGINAL PAGE IS PGOR
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APPENDIX X-5
- )

v - _'v‘(--“"_ Lo\ L T

] 5. Gaston FOD/553 35 ¥o1L2 DATE 17 January 1073
! NAME GROUF MNO. & NAME PLANT NO. EXT, .
PTO: NO.  p559-2-
o J. Fogers, 1M Subcontracts (Eggendzz)
QSUBJEcT= 100 ALll. BATTERY DEVELODMENT PROGRAM - DISTRITZUTION dF CELL, TERMINAL

PHIOTOAICROGREALES A5iD X-RAYS

CEFERENCE: (a) Contract NAS 9-1107h
Grurmon P,0. #015161
(c) Grumman AVO D559-2-39, dated 12/27/72

LY
o'
St

Ce

“HCLOSURE: © 1) Composite Photomicrograph Picture of "Butt Seal" Terminal Analysis

Dist. to 2) Pictures of Terminal Radiographs

:rties des- :

nated by

ODIY) The above reference (c) AVD indicated photomicrographs of the metlal-
lurgical analysis findings would bc published as soon as coples were aval nhle,
Enclosure 1) o this addendum is a composite of these results. Discusscion of
this materizl is found in the AVO.

e Mg tac ity Mo i

-

on the cecond “orminal of the cover gample., Znclosn
! contains top and zrgular views. The top view shows

The angular visw shows that these voids are locaied in thz top cup sezi. Ihe
bottom picturse consists of additional angular views. Standard x-ray technizuss
were arvlied to obtzin these views (125 KV, 4 m2,, 2 minutes, "B" Honoyzck

? GAF, Class 1, lead).

In addition, a radio.-f,ra hic examination for braze voids was conaucied
)
= 2) (‘\;’-_np nrnLoe )

2
r :
two (2) sray arczs {voids).
4 =

Based on thase radiographs, it appears that void areas in the oraze
can be detected with this non-destruciive technicue. It secms tetter to make
x-rays prior to the terminal-to-cover weld cperdticn. Also, this technd

A

can be more cost effective if a nurber of terminals are radiographed at
same time,

o0
=
=

2

Eagle-Picher 1
void exznmination tec
guiremcenis for life

s hereby reguecled to review and comment on thi
hnigue with resrcet to incorvorotion in the pro
test ecell terninals, Thiz raclogronhic sinn
intended o replace established metallurgieald =nmpling, bul o Lrove
quzlity ascurance on a comple basis Jor all units., Daxirmum volld s 1
maximun nusber of poruissible veids (L.c., aceeptance/rejoction critoria) stiil
need to be established. .

2
o

|
!
i
i
3
|
3
!
%

8G/ans | REPROD IR
C .
, ORIGINA; DLLITY Op 13

3

Lok

AT ITT RV A
L T ...



P.0.D. | o e2a  Addendum to AVO D559-2-39

‘IRFO CC:

E. Carr, Eagle-Picher¥® -
J. Cioni, NASA/Houston¥ ' : .

F. Ford, NASA/GSFC¥*

E. Miller

‘ T. Hine

" M. Wertheim
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b " : | Auxiliary Electrode Design
 APPERDIX L | APPENDIX L-1 |

and Performance

ATTACHMENT 1 TO APRIL 1971 MONTHLY PROGRESS REFORT

AUXTLIARY ELECTRODE DESIGN AND PERFORMANCE INVESTIGATION -

1. BACKGROUND

Oﬂce suffieient data was available en‘celi development group.l from Eagle-
.Picher, an evaluation of auxiliary electrode perfo:mance shOWed_results quite diff-
erent than those anticipated. The high residual {0 psia) voltage; and low signal-
to-level ratio make wtilization of this design to provide charge control too
'éOmplex.andrexpensive to censider geriously, The ferther complications of lerge
f.empersture eoeffﬂ:ients of signal and level, end.their-variability ffom cell to
cell, reduces the possibility of successtul implementatioﬁ withrdetection and control
eircuits.(Actual figures are qﬁoted_in the main body:of this reﬁorf). |

It was alsoc found thet actual values of load fesist&nce for maximum power
showed varie.bilities as high as 2:1 from cell-to-cell, with oxygen pressure, and
ﬁith tempefature. it meximum.power operat;on were deeirable, no_two deteetor cir-
cults could be designed alike, and there would be a ma jor question regarding -
repeatabiiity for any cell versus life.-

Vthhes Adrcraft, in their latest reﬁort for Air Force contract F536l5-TO-C-1710,!
reported similer problems with auxiliary electrode operation for S50 Amp-Hr. cells.
(See pp 2 and 3 of March 1971 Progress Report, Hughes Aircref%.) Accordingly they
have dropped any notion of using auxiliary eiectnsde charge contreol, and will
aftempt instead to use pressure tfansducers; Grﬁmman believes.elbetter alternative
is achievement of greater understanding of auxilia:y electrode design and perform-
ance‘criterie and interactions. -

A study was thus stafted elong_these'lines,:and-eignificant facts are,elfeady
emerging.

o, AVATLABLE LITERATUERE

Literature on hand at Grumman was searched for any pertlnent information.

mwo documents presently form the basis for continuiné effort:

4o PRECEDING PAGE BLANK NOT FILMED
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1. TFinal Report; Janvary 1968; "Characterization of Recombination and Conbrol
Flectrodes for Spacecraft Nickel-Cadmium Cells"; Carson, Rampel, Wein-
stock; NASA/GSFC contract number NAS 5-10261,

2. Report; June 1970; "Summary Report on Nickel~-Cadmium Battefies for Appllo
Telescope Mount”; Kirsch, Shikoh; NACA/MSFC contract mumber NAS 8-20055.

From the first item-above, three basic relationships were acquired which,

. subject to experimental verification, appear to be fruitful in. describing the

performance~design interrelationships of auxiliary electrﬁdes._'These are a8 follows:

1, Oxygen Diffusion Rate (roe)

Toa = E% (P-Fo) moles/seccnd (1)

k: diffusion constant for the electrode barrier material and the

active gas (05) -- mole-cm/gm-sec.
A: active area of the auxiliary electrode ~-- cm2
d:  Tbarrier layer depth -- on
P: pressure at gas-facing side of barrier -- gm/cm?
P_: pressure at electrode side c¢f barrier -- gm/cm?

The relationship describes, then, the rate at which oxygen will diffuse
across (and thus recombine) an active electrods as a function of the
barrier layer waterial, and the geometry of the electrode., If the electrode
is operated in a current-limited mode; i.e.: a counter-electrode (the cadmivm
negative) is used as a woltage source; B, << P, and (1) simplifies to:

'op = E% P moles/second (2)
P, of course, is now defined as net average free oxygen pressure in the cell
in gm/cmg.

2. Limiting Current (ic)

ic = nFr02

= kni AP

5 amperes ‘ (3)

n: gram equivalent of oxygen - 4 equiv/mole

F: Faraday's constant = 96,484 q?ﬂ%omb/equiv.
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n

(The report from which this is teken, p. 8, mis-defines "n"; however
this has no bearing on the accuracy ofrthe relationship, which ie a
standard one. )

3, External Circuit Voltage (1R)

iR = I - B%E. In { 3 1 ) - B%% In (i) - ir (4)

E: Auxiliary A- negative electrode couple voltage with no load resistor (o_'_peﬁ-
circuit), and no ox@en pressure -- volts

Ryt Gas constent = 8,31k Joules/mole~"K |

is External clrcuit current -- amperes

°x

" T: Absolute temperature of cell -~
i : Carrier d:.i'.é.pla.cemen{:- eurrent at barrier layer
R: External load resistor between suxiliary and negative electrodes -~
ohms .' |
r: Internal resista,nc_e of the couple under -10‘a,d, and with positive free
oXygen pressure -- ohms |
| The :I.0 factor expresses the ca.pabillity of free oxyg‘en to acquire excess
electrons beyond its valence (reductwn), &nd is thus very small compared to

either ic or i. (Theoretically, a.t the aux:.llary electmde, e = iy + i.)

(h) can then be simp11fled to:

BT i . ' |
IR = E-oo In (7€) -iir (5)
(ic-i) R : | |

which is the practical operating rela.t:l.onship of the auxiliary-negatlve

electrode couple, ' .

Several points can be dlerived immediately from (5):

1.E -- is an inherent voltage number relating t0 the specific design of the
couple., The value is thus a Tunction oi‘. material, barrier depth, geometry,
and;probably,auxiliary electrode location.l

2.r-- 1is & dynamic guantity present only when the couple is loaded, and free

oxygen ocecurs. - Solving (5) for E also shows that r is 8 negative quantity,

which is demonsﬁ&:'ated by Figures 34 through 37 of +the NASA MSFC report.
411
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3.R+r -- when this glgebraic sum is a minimum, maximm load power OCCUrs.

However, due to the presence of T in the log term, this is also the

region where the signal is most temperature sensiiive.

A study of the above relationships, and Figures 3l through 37 of the NASA/

MSFC report also permits certain inferences to be drawn:

1,1 =-- The curves referred to above have several points of inflection at various

3.

load resistances, and are not the same shape at each constant pressure
depicted., Thus a plot of power versus load resistance at constant pressure
will show more than one peak point. There will probably be one peak
higher than the others (representing R + r = 0). (When the data of

the HASA/GSFC report ig carefully plotted, and intermediate load resistance
values computed, this is indeed the case, and R + r = O at R= 18001 and

T = lOOC.) r seems to be a function pf pressure, éxternal load and,
probably, limit current or E. The last item would determine the range of
r as & function of electrode design parameters.

Design parameters of the auxiliary electrode are sensitive to the ampere-
hour rating of the cell. For example, ic and electrode area are inter-
related, leading to the tentative conclusion {supported by (1), (2}

and (3)) that available volume and/or mass of free oxygen to achieve a
sﬁecific pressure determine the way the electrode 1s constructed. Here
it must be understood that, while current density is a direct pressure
function, total current is an integrated quantity determined by recombin-
ation (diffusion) rate, r,. Thus, one can say that if more oxygen 1is
present than can be diffused, too-small an electrode will quiékly
saturate (reach a limiting current densitx), and Wiil thus become insensi-
tive at relatively low pressures.

If 1. and 2. above are true, the problems encountered with group 1 cells
probably fall into two categoriles:

a) Improper operating point

b) Undersized and, perhaps, ﬂfslocated electrode.
12
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The first would be_.l at least partially trace..a.ble_ to the second, and
wéuld imrtl.y account for the éxtremely low signal level and the apparent
arift of "ma.ximum power". load with pressure and temperature, The second
would cause the very high O psia residual levels ,and'would also affect
both signal quantity and data stability.

3. TEST PROGRAM

‘ Iﬁ order t0 ferify.the abovennote& cohclusions, refine fhe inferenceé, and
. achieve greé.ter understanding' of the interrelationsh_ips among the basic pamme‘bers R
Grumman is conducting a test program. The program is designed to yleld results. at
sma.li increments of load resiétance(far the suxiliary electrode cireuit) é.nd oXygen
pre'ssure. The program will be; conducted on at least two sizes and types of cell
at first: : |
a) Gulton 20 Amp-Hr. from the éAo pioject.
. b) Esgle-Picher 100 Amp-Hr. borroved fﬁom NASA/GSFC.
There are 'bﬁo cells of ea.ch “type, each eciuippgd wi‘bh an auxiliary electmde and
' & pressure gauge. (The gauge w:.ll ve installed on the 100 Amp-Hr. units by
‘:Gnmnma.n personnel :Ln a glove box.) '
'I'he test program is as follows'

1. Conditions: R h?Jx (from OAD data)

3_LOAD_=

Monitor V,

N

‘&rmemmumT = 20°¢C

3. Capacity test to 0.90 V at C/2 rate, Ty, = 20°¢

k. Auxiliary Electrode Test; T, .= 20°C:

“m) Start at end of.capacity discharge

b) In addition to parameters noted above, monitor I NIMEER OF

CHG? DISCH’
CHG/DISCH. CYCLES

¢) Start charge at C/10 22%

d)' Maintain constant current charge until VdELL = 1,45 V\,‘ then switch to

constant voltage mode.

513
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£)

g)

J)
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Charge in accordance with c) and d) above until 60% of the ampere-
hours found in 3. above have been returned, and/or that oxygzen pressure
has not climbed from the O psia level(i.e.: the residual following the
capacity test)

Meagure V3 for the following R3 IOADS:

1. 1.0 & R3LOAD'< 100 at 5. intervals

2, 1ot &£ R L 1000Lt at 20pintervals

3LOAD
3. Open circuit
The resistors to be used for these measurements shall be pre~calibrated,
and actual values shall be recorded for each. ZEach resistor shall be
within ¥5% of desired value.

Charging shall then be continued until Pbe = 3,0 f-0.5 PSTA, and

test (f) above shall be repeated.

Steps (g) and (f) shall be repeated every 3,0 i0.5 PSTA through POE? ks
PSIA

The cell shall then be discharged at C/10 2% rate, and steps (g)

and (f) shall be repeated every 3.0 0.5 PSIA down from 3% PSIA to

0. PSTA with final data to be taken at OIPSIA,

Should pressure stability prove to be poor, steps (f) through (i)

shall be performed by holding R3 LOAD at each desired fixed value and
reading V3 at each pressure point called for above while cycling the
cell through charge and discharge. In this case, current rates may

be altered to achieve more test efficiency, but the changed ratés:

shall be noted as part of test data.

Repeat R3 10AD calibration at end of test.

Repeat steps (a) through (k) at Tamp = O°C, except calibrate R3 LOAD

at end of test.

it

Repeat steps (a) through (k) at Tpup = 109C, except calibrate R3 TOAD

at end of test 41k
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5. Repeat test 3.above following auxiliary electrode test and full charge.
In addition to the above program, Esgle-Picher is conducting parallel, inde-
pendenfb;tes'b and study effort as part of its obligation to Grumman. This is dis= .

cussed briefly in Attactment 3. (See Appendix L-2)..

15



APPENDIX L-2

EXCERFT FROM ATTACHMENT 3 TO

APRTL 1971 MONTHLY PROGRESS REFORT

TECHNICAL MEETING BETWEEN FAGLE-PICHER & GRUMMAN ON 4/23/71 AT GRUMMAN

AUXTLIARY ELECTRODE PERFORMANCE -~ The discusslon now reverted to suxiliary

electrode response. Messrs Gaston and Wertheim pointed out that, although
Hughes was pleased with the performance of EP's auxiliary electrode compared
to that of GE and Gulton, everall Hughes felt none of the manufacturers had
supplied cells which would essily lend themselves to charge control by this me
method. It was also noted thait, based on the group 1 data, Grumman had come
to the same conclusion, but that, unlike Hughes, we were not yet ready to give
up on the technidue. Mr. Wertheim then presented the information contained in
Attachment 1 of this report as a vehicle for further discussion, asking EP for
their feelings and oplinions on the matter.

Messrs Carr and Harsch responded as follows:

a) Hughes is using a 47.n load resistor in their auxliliary electrode
circuit. (Mr Wertheim pointed ouf that this would change the values ,
but not alter the basic problem.)

b) On the questidn of loaning cells to Grumman for testing, EP felt that
NASA/GSFC's RSN-6B's would be most useful.

c) EP will duplicate some of the tests on their 100 Amp-Hr. cells
following the in-house thermal and other tests for this program,
and after Gi'\man has lald owt a test program.

(Grumman actually obtained 100 Amp-Hr. cells from NASA/GSFC.)

It was agreed that Grumman would pursue development of the theory and verifi-
cation testing indicated in Appendix I-1. TFagle-Picher would be kept informed of
results obtained, and would comment as necessary. =Bagle-Picher, in turn, believed
that addition of a separator-type wrap around the electrode would help by increas-

ing wetting of the electrode.
416
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They will test the 'p'er'fomance of various auxiliary electrode configurations,
and report the results to Grumman as. soon as possible. EP's approach will be
two pronged: |
é) -12 Ayp-Hr. ceiis will have electrodes febricated W:Lth geparator wraps.
©) 12 Aup-Hr. cells will have non-teflonated electrodes.

* They also are considering changes of electrode size for further testing as well.

g



APPENDIX L-3

Auxiliary Electrode Tests

' Excerpt from Eagle-Plcher
Fhase I Development Report,

DIR-110, dated 15 Jily 1971

~
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7. Combination polypropylene separators do not appear to be
useable.

H. Auxiliary Electrode Testing

A group of 18 cells (RSN-36 size) were manufactured with various
types of electrodes and electrolyte amounts to evaluate the signal
response and the oxygen sensitivity of both the signal type and the
recombination type auxiliary electrode,.

The following is a description of the cells:

CELL S/N TYPE ELECTRODE METHOD OF SEPARATION ELECTROLYTE AMT,
1224 Recombination
1225 Type 20 Mesh
1226 Platinum All
All Wrap 1% 237%
1227 Teflon Core
1228 on 40 Mesh Weight
1229 Nickel Screen
1230 Signal w 21% Core Wt.
1231 Type Wrap 1 21 "t
1232 Teflon 19% ' v
1233 Raw Plaque 9%,
1234 "ok 217 Core Wt.
1235 Same as Above Wrap 2 21 "
1236 : 19z, " "
1237 19% " "
1238 Signal - 217 Core Wt.
1239 Type Wrap 1 21, " "
1240 Uncocated 19, " ¢
1241 Raw Plaque 9%, " M

Ll R e e R e e N Ty i i L SRy ——

%* .
- Gas spacer between electrode and container,
No gas spacer, electrode wrapped in nonwoven nylom.

-k2o -



The.magimum power output for the 20 mesh screen is
between .2 and .3 ohms (Figure 17); wheéeas the
maximum power for the 40 mesh is between one (1)

and two (2) ohms (Figﬁres 18 and 19).

During orbital cycling at 30 and 50%.DOD, the 20 mesh

screen electrodes had a higher peak voltage at the

same pressure (Figures 20 - 22).

Signal Electrode

Figures 23 - 28 are the results of the full capacity'test

on the cell with signal type electrodes. In order to analyze

this data, it is necessary to compare cell groups.

1.

Figure 23 compa;ed to Figure 24 - The only difference
between these two cell.groups igs the electrolyte amount.
The cells with less electrolyte show 2 higher peak elecw
troae'voitége and greater oxygen sensitivity in;the

lower pressure range. Tﬁe electrolyte voltage on dis-
charge is about the same. The cells with more electrolyte
have higher pressures, |

Figﬁfe 25 compéred‘to Figuré 26 = These two cell groups
differ oﬁly ip_electro;yte amount. They show the szame
conditioﬁs as the groups above and also a. lower electrode
voltagé-on‘diSCharge for the cells with less electrolyte.
Figure 23 compared to Figure 25 ~ The difference here is
Wrap 1 versus Wrap 2 at a 217 core weight electrolyte
level. The only change in charactéristics is that the
cells with the W:ap 2 have less oxygen seﬁsitivity-in

tﬁe lower preSSu£e range.

Flgure 24 compared to Figure 26 - These cell groups have
,-%24 i ‘



8.

Wrap 1 and Wrap 2 but were activated to 197 of the
cell core weight. The Wrap 2 cells show a lower
oxygen sensitivity at low pressures and a lower
electrode voltage on discharge. The peak voltage is
about the same.

Figure 23 compared to Figure 27 - This comparison is
of the teflonated versus non-teflonated electrode, all
with Wrap 1 and 217 electrolyte level. The cells with
no teflon have lower signal strengths on charge and
discharge.

Figure 24 compared to Figure 28 - These cells compare
the teflonated~nonteflonated electrodes, all with
Wrap 1, but at 197 electrolyte level. The oxygen
gsensitivity and signal strength is much lower for the
non-teflonated electrodes. The electrode discharge
voltage is also lower,

The maximum power output for all the signal electrodes

is at less than 1 ohm (Figure 29).

Figures 30 and 31 are the signal electrodes with a 1 ohm

load resistor. These electrodes show a saturation at

about 15 psig.

-2 o
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*SAUIDAMAN ABROSEASE CoEEORATION
= AVOID VERBAL ORDERS

APFENDIX L-4
It~
FROM M. Wertheim 553/POD 35 9142 DATE  o/7/72
PLANT NO. XY,

N i GROUPF NQO. & NAME

To: ST

5. Gdston

AUXTLIARY FLECTRODE EVALUATION TESTS
‘ f

SUBIECT:

leference: a) NAS 9-1107h
b) Project Memorandum D559-2-1, 20 January 1972,

NG,

D559+2-3

"Minutes of Design Review Meetings at Eagle-Picher, January

17-19, 1972" _
c) AVO D559-2-1, 19 January 1972

As indicated in the reference b) project memorandum, insufficient data to permit
design of an auxiliary electrode control scheme has been developed to date., Accordingly,
reference c) AW requested (with concurrence from Eagle-Picher) shipment of cells to
Grummen for further testing. These cells, S/N 24, 32, 36, 37 and 42, are now being
shipped. Furthermore, an effort is underway in the laboratory to prepare for special

testing.

Attached, please find a document entitled "Auxiliary Electrode Tests -- Outline
of Tasks". This will be used for the planned tests. Since a schedule is in preparation,
the personnel listed below are requested to prepare all schedule comments, and submit

them to the writer by 1l February 1972, 12:00 noon:

5. Gaston
A, Winegard
D. Bickor
V. Falcone
J. Gambale

These comments may be informwal, but should be in a form such that the writer can
easily construct a complete schedule for this effort. Thank you for your cooperation.

INFO co:

D. Bickor

J. Cioni (NASA/MSC)
V. Falcone

F. Ford {NASA/GSFC)
J. Gambale

W. Harsch (EP)

T. Hine

E. Miller

A, Winegard

&HE ITT RKY, &



I.

II.

AVO-D559-2-3

AUXTLIARY ELECTRODE TESTS - OUTLINE OF TASKS

VISUAL TNSPECTION

A-

B.

G.

Assure the following: \

Terminals straight, clean, free of visible dsmage around seals or ceramic.
Cover weld clean and without visible flaw.
No excess bulging of cell sides, faces, cover or bottom. :
Serial number clearly visible on cell.. Verify that cells are S/N
~2h, 32, 36, 37 and 42. ' .
Shorting wire in place and tight.
Pressure gauge reads vecuum (-30 inches).

Fw -
- - "

Stem between pressure gauge and Till tube 15 straight and undamaged
Valve on gauge "Tee" tightly closed (Remove valve knob to avoid
unwanted opening.) |

. Verify presence of 2TJ4L, 2 watt composition resistor between aux.

- electrode and negative terminals. If not, mount and connect resistors.

O GJ-?'I i

Record all inspection items.

X-ray S/N 36.°

ASSEMELY

A,

B.

Assemble cells S/N ot and 42 in accordance with dwg.-SSQ-llTAV, except

'as indicated below.

Assemble cells S/N 32, 36 and 37 in accordance with dwg. 559-112AV,
except as indicated below. '

_ Each'cooling plate assembly'(P/N‘559-lllAV) shall firét be deburred using

belt sander.and/or buffer on all edges, faces and corners as required.,

Each cooling plate assembly, P/N 559-111AV-1, shall be connected to 2"

'TD inlet or outlet tubing (A/R) using 3/8" ID tubing as a mating sleeve.

(See G. Below) Each inlet tube shall contain a coolant thermocouple..

Each cell shall be wrapped on both broad and narrow (Side) faces using
0.001" thick “"kapton tape before final assembly. '

Bach string assembly shall use only one (1) temperature sensor resistor

(F4F NWo. EN-200). That resistor shall be mounted and potted on P/N 559-111AV-
3 wvooling plate only. A thermocouple (STD gauge copper-constantah shall

be assembled with each sensor. ' ‘

For the two-cell aééembly (P/N 559-117AV), the cooling platé assembly,
P/N 559-111AV-5, shall be replaced by P/N 559-111AV-1.

Intercell connectors, P/N 559-113AV-23, shall not be used. Instead
connectors made per the attached sketch shall be fabricated and used.

Fnelose each assembly in a plastic bag with dessicant material (supplied

by-shipping). Plastic beg shall be heat sealed and entire bag assembly
shall be insulated with fiberglass or eguivalent insulation.

L1



III. CONDITTONING CHARGE

A. Fach string shall be charged at 10 amp rate for 16 hours, or until the
first cell of the string reaches 1.5l volts.

B, The following conditions shall be observed.

1. Coolant flow shall be "maximum pump” ( 2 30 1b/hour)
o, Coolant temperature shall be S55°F (bath 1)

¢, The following shall be recorded:

1. Each cell voltage

2, Each auxillary voltage

3. Fach string current

4, Each cell pressure, psig

5. Each cell pressure, volts (transducer)
6. Fach string temperature (on sensor)

7. Each coolant temperature (at inlet)

D. Recording shall ve done using the DDAS, chart recorders, and hand
readings as follows:

1. DDAS - mag tape (grocery tape as reguired)

a. Interval: not greater than 6 minutes, except at end of charge
(See 3. below)
b, Recorded items: III.C.1-3, 5-7, time

2. Chart recorders:
a. Recorded items: II1.C.1, 2, 5 {each cell)
3., Hand Peadings:

a. Interval: not greater than 30 minutes, except at end of charge.
At end of charge, use DDAS grocery tape on cell voltages only
at suffilciently high rep. rates to assure that high cells will
not exceed 1.515V.
b. Recorded items: IIT.C.1-T7, time; except at end of charge.
Record (after chg. termination if required) all grocery tape
cell voltages and times, Record end of charge pressures (III.C.4, 5).

IV. PERFORM PHENOLIPHTHALETN LEAK TEST ON EACH CELL

V. ORBITAL CYCLING

A. The two (2)-cell string (S/N 24 and 42) shall hereafter be known as
string 1. The three (3)-cell string (S/N 32, 36 and 37) shall hereafter

be known as string 2.
B. Bath 2, to be operated at O°C inlet (32°F), shall use coolant consisting
of 17% by volume (B.STgallons) ethylene glycol in water solution.

(freezing point = -6.7°C, 20°F.) Bath 1, to be operated at 12,8°C
(55°F) inlet, may use either pure water or the above solution.

C. The following shall be recorded:
Yo
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ITI.C,1-T

Time

Julian date

. Alarm condition

. Cumulative amp-hours

Recording shall be done using the DDAS and chart recorders. Hand
recording shall be done only at the start and end of each test run.
Recording shall be done as follows:

1. DDAS-mag tape (grocery tape as required)

a; Interval 1 minute
b Recorded items: V.C.1 (except ITI.C.k4), 2, 3, b

2. Chart recorders

8. Recorded items: same as III1.D.2.a and cumulative amp-hours as
shown below.

Test runs

1, Each string shall be connected to a test controller using 30% DOD
- calibration.
2. Btring 1 shall be connected to Bath 1.

« String 2 shall be commected to Bath 2.

.3 ‘ .
- 4, Each string shall be run for 18 orbits (36 min. discharge, 58 min.

charge) on three (3) successive days, six (6) orbits per day. If,
after these runs, the pressure regime has stabilized, go on to the
next step. If not; additional orblits shall be run:, at the direction
of the project englneer or his delegate, until stable regimes occur,

- 5. - String 1 test controller shall be shifted to SO% DOD calibration.

"String 2 test controller shall be shifted to-12% DOD calibration.
A minimum of fifteen {15) orbits (24 hours) shaell be run continuously,
or until pressure regime, end-of-discharge voltage, and aux. voltage
regime are satisfactorily stable to the project engineer or his
delegate. Active monjitoring of this test shall occur only during the
normal work-day, If it is not feasible to run unattended, the test
shall be conducted at the rate of six (6) orbits per day.

6. Repeat step 5 with the following DOD calibrations:

String 1 -- 12% DOD
String 2 -- 50% DOD

7. Connect string 1 to bath 2, and string 2 to bath 1.
8. Repeat step 5 W1th the fbllowing oD callbratlons'

String 1 -~ 12% DOD
String 2 -~ 50% DOD

9. Repeat step 5 with both strings at 30% DOD calibratlon.

‘10, BRepeat step 5 with the following DOD celibrations:

String 1 -- 50% DOD .
String 2 -~ 12%. DOD

4h3 o



VI.

VII.

VIII.

OPTIMWM RESISTOR SELECTION

N A L

B-

G.

H.

From the data of V above, four pressures {(Py, P2, P3, Py} shall be
selected (P1 € P < Py < Py).

For the ensuing tests, the strings may remain assembled, but each cell
cshall be operated separately.

Bring the first cell to be tested to Pl *10% vy charging it. Maintain
this pressure by controlling charge rate, This cell shall be operated
with coolant inlet of 5%F (bath 1). While maintaining pressure, vary the
auxiliary electrode resistor in the steps shown below. At each resistor

value, measure Vayx,

Resistor Steps

1.0 to 10 - , 1 42 steps

10 o to 1000 , 5 51 steps

100 .n. to 200 £ , 10.0- steps

Repeat step C with coolant inlet of 32°F (bvath 2)

Repeat steps C and D with each other cell in turn (at P1).
Repeat steps C through E at™Fp

Repeat steps C through E at P3

Repeat steps C through E at Py

CAPACTTY DISCHARGE

A.

Discharge all cells as follows:

1. Coolant inlet temperature = 55°F (bath 1)
2. Discharge current = 50 amp

Discharge until first cell in each string drops to 0.9OOV3 record data
per ITITI C and III D.

After discharge is complete, place 0.2 L. resistors across each cell
for 16 hours.

NOTE: Step A may be performed using test controllers, 30% DOD calibration,
in "discharge" mode with timing disabled.

PRESSURE/AUX. ELECTRODE SIGNAL

A,

B.

C.

Connect string 1 to bath 1, and string 2 to bath 2, Use aux. resistor
value from VI above.

Charge each string at 83.3 amp rate until either voltage limit (string)
or aux, signal limit (first cell of strings is reached., Record data per
IITI C and IIT D,

Discharge and drain strings per VII above

Repeat step B. above at 50,0 amp rate.
; Lhh



Repeat
Repeat
Repeat
Repeat

Repga‘b

step O, above.

step B. above at 20.0 amp rate
step C. above |

step B. above at 10.0 Jamp rate.

step C. above

‘Connect string 1 to bath 2, and stri’ﬁg 2 to bath 1. Then repeat steps

B through J above. .

NOTE :

Steps B, D, F and H above may be performed using the test controllers

in "charge" mode, boards 2 and timing disabled, Charge rates may
ve set for B, D and F by artificilally programming in turn the
bases of the charge side 2N930 "shorting" transistors, Rate for
step H may be set by artificially programming atl cuarge side
2N930's, placing a 9K, 1% fixed (film) in series with a 50K,
multiturn pot across R15/ R16, and adjusting the pot until current
is 10 amp.- - S . ‘

ORlGyg, Vol 17,
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[RUMMAN AEROSEACE CORPERATION
e nE

AVOID VERBAL ORDERS

APPENDIX L-5
. - DATE
FROM S. Gmiton 553/FOD 35 91he 1/26/72
NAME GROUP NO. & NAME PLANT NO. EXT.

TO:! NO. D559-2-2

E. Carr/W. Harsch

J. Rogers, IM Subcontracts
sussect: 100 A H, BATTERY DEVEIOPMENT PROGRAM - RECOMMENDED SOLUTIONS TO THE AUXTLIARY

ELECTRODE TAB-TQ-CAN WELD AND ELECTRODES TAB-TO-SADDLE WELD PROBLEMS.

Reference: a) Contract NAS 9-110T7k

b) GAC FO NO, 015161

¢) Crumman meeting on 1/20/72 among Messrs S, Gaston, M. Wertheim (FPOD);
D. Drucker (Reliability); A. Winegard (EED); and J. Greenspan and P,
Dent (Metallurgy and Welding Eng.)

Enclosure: 1, X-ray photograph of auxiliary electrode view of cell S/N 1k

2, OAC sketch 559-119AV, entitled Signal Type Awxillary Electrode

-

Cell S/N 14 (a group I development cell) was dissected recently at Grumman and

a design weakness of the auxilliary electrode tab-to-~can fastening method was found.
Figure 1 is an X~ray (positive) photograph of this area. It clearly depicts that the
auxiliary tab forms a bend touching several layers of separator in the plate stack,
This is undesirable, since a short between the auxiliary and the storage electrodes
could be induced. In addition, two (2) nicks across the tab's width in close proximity
to the tab-to-can weld area were observed. Since, during the cell's assembly, the
cover is forced onto the can while this tab is sandwiched inbetween, tab damage can
occur (tab material is 0.005" soft nickel). This procedure is therefore not suitable
for a high reliability component. It is felt by Grummsn thet some of the inconsistent
auxiliary electrode signal results observed on the development cells could be due to
this design technigue, and the resulting eontact uncertainty.

Recommendations:

The above problem was discussed at Grumman among personnel from the metallurgical
group, mechanical design, and this project. The following two alternate auxiliary
electrode tab weld constructions have been proposed as potential solutions:

1. Preferred design - Shown in attached sketch 559-119AV. The auxiliary nickel tab
1s shortened and spot welded to a stainless steel strip which is fed through a
slot in the cover. A shoulder on the tad provides a stop when pulling the tab
through the cover. This pull-up should eliminate the tab-to-separator loop
which may cause a short. 'The strip is then welded to the cover, forming a staln-
less-to-stainless Jjoint. The dimensions shown on thils sketch are for reference
only and can be modified, if required.

2. Alternate design - The existing tab design could be welded to the underside of the .
cover at a positlion close to that shown on 559-110AV, However, precautions must

be taken to obtain a good spot weld due to dissimilar materisls (nickel and stainless)
and thickness differences {0,005" vs. 0.050"). This design will not require a slot

GAC 377 ARV, 4
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in the cover but requires very close spotweld control to prevent poor or burned
* ints.

Other Recommendations:

A review of the positive and negative electrodes tab-to-saddle jolnts shows
that a combined compression and a welding operation is used. It is recommended that
‘the compression step be separated from the welding step to assure a better Joint.
The pre~compression should be at a higher force level than that used during the
welding. ) )

In addition there are strong indications that a higher cleanliness level is required
around the areas to be welded. All components should be thoroughly cleaned prior to
welding and subsequently handled only with lint free gloves. Also, cutting tools
be thoroughly cleaned and degreased, 1f they are used after the components are cleaned
(e.g.: tab cutting tools). A tight welding schedule shall be established, and enforced

- by approved quality control techniques.

ol T -

Fagle Picher is hereby requested to review the above findings and recommendations
and to submit their modifications to Grumman for review. In addition, sample weld
Joints shall be submitted to Grumman for conductivity and metallurgical analyses
prior to incorpormtion in the design and production.

‘Bagle Picher action is urgently required since these modiflcatlons must be
incorporated into the next group of 27 cells,

INFO ce:

J. Cioni, NASA/MSC

P, Dent

D. Drucker, Rel. Plt. 1k

F. Ford, I\IASA/GSFC .

J. Greenspan, Chem, Lab, Plt, 12
R. Mallard, GAC at EP

5. Orehosky, 0AQ, QC

R, Wennamaker, NAVPRO

M. Wertheim

A, Winegard
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et | APPENDIX M-1
Mechanical Test Procedure, . .

Comments & Test Data .
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1.0 sCOPE

1.1 Purpose

1.2

This dJocument outlines the procedure for the Qualification

testing of a sealed, activated, nickel-cadmium rechargeable

cell. The cell-referred to herein is the Eagle-Picher

RSN-IIO cell for Grumman Aerospace Corporation.

"Test Plan

Thé“objeciive of the tests defined in Paragraph 4.0 herein
are to verify that the RSN-110 cell is capable of satisfying

the requirements of Grummwan Specification AV-D559CS-1.

The tests to be conducted are as defined in Paragrapﬁ 4.0

and shall be to the levels and durations specified.

e

Two (2) RSN-110 cells shall be tested. The quantity of

cells to be tested and the tests to which they will be subjected
were chosen by GAC and Eagle-Picher Engineering, and are
bélieved to be representative of the extreme requirements

to be imposed upon the unit.

Upon completion of the tests, all data shall be evaluated by
Eagle-Piche: Enginée?ing. Iﬁ the event of a test failure,
an'Engineering'Féilure'Aqalysis will be performed énd a report
submitted to GAC. A final test report presenting ﬁhe actual
results of the tests will be preparéd upon completion of the
tests and will be submitted to GAC within 30 days after comple-

Eion of the tests.
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2.0 APPLICABLE DOCUMENTS

3.0 TEST

CAC Specification AV-D559¢S-1

Eagle-Picher Drawing 005328 Cell Qutline

Cell Development Test Plan, DVTP-153-1

CONDITIONS

3.1

3.2

Unless otherwise specified, the qualification testing shall
be.performed at an atmospheric pressure of 28.0 to 32.0"
mercury of a temperature from 60° to 90°F and a relative
humidity of 90% or less. A record of time versus voltage,

current and temperatures shall be recorded during each
test when applicable.

et :
s T =

Test Tolerances

- Unless otherwise specified, the maximum allowable tolerance

' on test conditions are as follows:

2. Sinuscidal Vibration Amplitude (g or in.) *10%7 of peak level
measured at input

frequency
b. _Sinusoidal Vibration Frequency 27
€. Random Vibration 33 db (the overall

Tt : ms=-g applied shall
be waintained within
a tolerance of +1$1)

&4

d.‘ Shock (g & sec.) ‘ +10% (peak g level)
€. Acceleration (g) . *5%

f. Voltage 30.57%

g. Current o _ *0,57%

h‘. Time . » | 7%

-
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4.0 ENVIRONMENTAL TESTING

Prior to any environmental testing, the cell shall be tested

per Paragraph 4.6 of this procedure. The qualification tests shall

consist of the follawing tests in the sequence shown

4.1 Vibration leture Test

4.1.1

4.1.2

413

Equipment Required

Vibration System (Sine)

Fixture Test Procedure

1) Mount fixture with dummy test cell on.vibrator.

2) Sdbject fixture and dumm& cell to the test condi-

tions listed below for the cell test.
3) Monitor the vibration input with tri-axial accelero-
meters,

Fixture Test Regquirements

The.fixtufe and its connection to the shaker head,
shall be capable of transmittiﬁg the vibrations speci-
fled. It shall be a design objective that the fixtures

be free 6f resonances within the test frequencies,

In any event, the fundamental resonance of the fixture

compensated for test unit wass shall be above 750 Hz.
The transverse motion (erosstalk) in any direction
produced by this fixture shall not exceed the vibration

levels in the transverse direction specified,

&, 2 Sinusoidal Vibration

{:2.1

Equipment Réquired

Vibration System (Sine)
Recording Oscillograph

Charge Panel, E-P Test Aid #1
Discharge Panel, E-P Test Aid #2
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5.2.2 Test Procedure

1)

2)

3

4)

5)

6)

Connect. cell to charge panel, E-P Test Aid #1,
Figure 1, and charge at 30 amps for 5 hours or
to a cell voltage of 1.50 volts, whichever comes
first.

Mount the cell to the vibration test wmachine by
means of a fixture as shown in Figure 3.

Subject the cell to the following sinusoidal vi-
bration conditions in each of the three (3)
mutually perpendicular axes. The cell shall be
vibrated in the X-X',.Y-Y' and 2-2' axes as shown
on the positional sketch, Figure 4.

Frequency Range (Hz) Acceleration (b ta Peak)

5-235 0.5 in. D.A.

35 - 2000 30 g
Sweeping frequency at a rate of two {2} octaves
per minute.
Discharge the cell at a 50 ampere rate during the
vibration using Test Aid #2, Figure 2.
Monitor terminal voltage and current continuously
during vibration test by means of a recording oscillo-
graph.
X-¥ plots of the vibraéion test accelerometer shall

be. made.
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4.2.3 Test Requirements

The current and voltage values observed during dis-

charge shall show no fluctuations. Visual inspection

of the cell, upon completion of the test, shall show

no mechanical failure.

4.3 Random Vibration .

4.3.Y Equipment Required

Vibration System (Random)

Recording Oscillograph

Discharge Panel, E-P Test Aid #2

4.3.2 Test Procedure

1} Wich the cell'still mounted to the vibratiom

2)

3)

4)

wachine from the previous test, Subject the
cell to the following random.vibration condi-
tions in each of the three (3) mutually per-

pendicular axes.

Frequency Hz - Level

20 - 200 o 9 db/octave increase
200 - 500 0.13 g2/Hz _
500 - 2000 3 db/octave decrease

Sweep frequencies for four (4) minutes per axis.

The cell shall be vibrated in the X-X', Y-Y¥' and

2-2' axes as shown on the positional sketch,

.Figure 4.

Discharge the cell at a 50 ampere rate during

vibration.

Monitor terminal voltage and current continuousiy

during vibration test by means of a recording
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oscillograph.

5) X-Y plots of the vibration test accelerometer
shall bé made,

6) After vibration test has been compieted, dis-
charge the cell at 50 amperes to 0.9 volts.
'Record time to 1.00 volt and 0.9 volts.

.- . e e e b e

4.3.3 Test Requirements

The cﬁrrent and voltage values observed during discharge
shall show no fluctuations. Visual inspection of the
cell, upon cowmpletion of the test, shall show no

mechanical failure.

4.4 shock Test

4.4.1 Equipment Required

Shock Machine

Recording 0Oscillograph

Charge Panel, E-P Test Aid #1
Discharge Panel, E-P Test Aid {2

4.4.2 Test Procedure ..

1) Connect the cell to E;P Test Aid #1 and charge at
30 amps for 5 hours or to a terminal voltage of
1.50 volts, whichever comes first,

2) Mount the cell to the shock machine by means of a
fixture as shown in Figure 3,

3) Subject the cell to a shock of 30 g's in each -
dirgction along each of the three (3) wutually

. . perpendicular axes. Each shock shall be of 10

to 15 milliseconds duration with 1/2 sine pulse
;hape. The cell shall be shocked in the X-X',

Y-¥' and 2-2°' i?es as shown on positional sketch, Fig. 4.
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4.4.3

4) Diétharge the cell at the 50 ampere rate during
each shock pulse, |

5 Moni;of the téfminal voltage and current con-
tinuously during each shock drop. Monitoring
defice shall be a recording oscillograph.

Test Requirements

.The current and voltage values observed during discharge

shall show no fluctuations. Visual inspection of the

- cell, upon completion of the test, shall show no

mechanical failure.

4.5 Acceleration Tesf

4.5.1 Equipment Required

4.5.2

Centrifuge
Recording Oscillograph
Discharge Panel, E-P Test Aid #2

Test Procedure

1) ,The-celi_is received from shock test in a charged
.sta;e.‘ )

2) Mount the cell to the centrifuge by means of ‘a
.fixture as shoﬁh in Figure 3,

3) Subje¢t the cell to acceleration of 11.3 g;s for
a.périod of five (5) minutes, applied inrboth
directions qlong each of the three (3) mutuélly

Vperpendicular axes. The cell shall be accelerated
in the same sequence of positions.shown in Para-

graph 4.4.2, Step 3.
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4) Monitor the terminal voltage and current con-
tinucusiy during the acceleration test by means
of a recording oscillograph.
5) Discharge the cell at the 50 ampere rate during
accele?ation. |
WES-Afte;-tﬁ; acceleration test is complete, discharge
the cell at 50 amperes to 0;9 volts. " Record time

to 1.00 volt and 0.9 volts.

4.5.3 Test Requirements

The current and voltage values observed during discharge
‘_.t;ﬁall show no fluctuations, Visual inspection of the
. —:;ii:mﬁﬁag_gaﬁpietion of the test, shall show no
ﬁ;éhénical failure,

.6 TFunctional Testing

The celi shall be subjected to the following tests from the
Celi Development Test Plan (DVIP-153-1}).

1) Paragraph 3.6.8 Overcharge (Test 6)

2) Paragraph 3.6.9 Phenolphthalein Leak Check (Test 7)

In addition, éhe cell shall ﬁe X-rayea through the X-X' and
the Y-Y' axes.

5.0 DATA CONFIRMATION

All data generated during the various phases of this qualification
test shall be fecorded on the Qualificatioanest Data Sheets for RéN-llO.
The forws shall be chécked for exactness, completeness, signatures and
proper inigialling. A'copyrof the completed test forms shall be includéd

in an Appendix to the Qﬁﬁlification Test Report,
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6.0 EQUIPMENT AND INSTRUMENTATION LIST

TYPE

Acceleration Machine
Vibration System (Sine)
Vibration Power Supply
Vibration Exciter
Vibration System (Random)
Accelerometer '
Shock Machine

Charge Panel

Discharge Panel
Voltmeter (Digital)
Ammeter E

Power Source .
Recording Oscillograph
Shunt '

MFG, NAME® MODEL
Raymond 15000
Ling R~1001
Ling pP-60/804A
Ling 273A

Ling ESD/ASD-40
Endevco 22288
Barry ‘ 20v-1
Eagle-Picher E-P Test Aid #1
Eagle~Picher E-P Test Aid #2
Fairchild 7100
Weston 931
Sorenson .

CEC ' - 5-124
Weston '

*Equivalent Equipment may be used.
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POSITIONAL SKETCH
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EAGLE-PICHER INDUSTRIES, INC.

Couples Plant - Joplin, Missouri

TYPE TEST: Qvercreage (fle- Tost) | | TEST SPECIMEN NO.
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~yPE TEST: (AARTE BE ross

TEST PROCEDURE NO. . Q7P -/2 F
TEST PARA. REF. NO.

AMBIENT TEMP. .. A% °F
BATT. TEMP.

EAGLE-PICHER
Couples Plang
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RN

.

4

A
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—

DATE
E. P. BAT. TYPE _ L5 ~//0 S N.

G248 BAT. NO. __25as =2/9

DUSTRIES, INC.

Joplin, Missouri
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EAGLE-PICHER INDUSTRIES, INC.

-

Couples Plant -  Joplin, Missouri
TYPE TEST: S /}?u S0, / J/z'{!)'r? r[/b}? TEST SPECIMEN NO.
TEST PROCEDURE NO. _(7£-/¢ 7 DATE _ TIME
TEST PARA. REF. NO. ___“: 2 : E. P. BAT. TYPE AS#-//0_ g N.
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EAGLE-PICHER INDUSTRIES, INC. .

Couples Plant - Joplin, Missouri
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EAGLE-PICHER INDUSTRIES, INC.

Couples Plant

TYPE TEST: __CHARGE D5fpas SHcox

Jeoplin, Missouri
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EAGLE-PICHER INDUSTRIES, INC.
Couples Plang - Joplin, Missouri
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TYPE TEST:
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EAGLE-PICHER INDUSTRIES, INC.
Couples Plant - Joplin, Missouri

—pE, TEST: _LVERCHARGE ( Pocf: Test) TEST SPECIMEN NO.

TEST PROCEDURE NO. 24772- /52=/ . DATE _ — TIME

TEST PARA. REF. NO. - 6.0 T&€i7 & E.P. BAT. TYPE _&Sos/e' S N, .
AMBIENT TEMP. L4 OF ZHC BAT. NO. __£dSA/=2/0 )
BATT. TEMP, _feezoaed _ O°F . TYPE PROGRAM: PROD. [0 QUAL. [§ R&D[]

PREVIOUS TEST: Leess et Ao g

LHARSE AT IDAmoL JO /S VelTs PISOHACTE RT ST Amas 70 . § Yotr7s
TIME | VOLTS | AMPS | 275 irzma TIME | VOLTS | _AMPS {2/ %rs | TEma |
(21 % ooy

=0 7=z0 ‘
=7 7=/ |
30 et . Lm |
£ w2 3o |

2o st g5 i

2 AeoPs | J foul

30 prane | S5 s

3 Houi2s j ! 30 o

A5 e | | s e i

T smins l P d pee ! i %

Y5 s | { /S s, '
i s | l 30 4 |
i
i
:
ripE TO S S VOIS = i i
3 TheHE Ta Lo el =
CHANG L£ATEE  To jD Ampes '\ THRE e (. P tials =
1
T=o ]
T=1 .
30 rrrar ——
LA —
_i Fr —
3 e ]
Y i
5 2
Z ]
7 _- .
&
LD i 75 |00 LHElms By TAHRL £/ (TTE5 7 Voltmeter Ammeter
L2 | QP =d53 -/ g, Jld. 2 | TYPE s
OcteeriTsin = i MODEL
SN
CALIB. FACTOR, :
CALIB. DUE DATE A
OPERATOR, _,,‘
[1 ENGINEER .
L. INSPECTQR j

L L T R L7l

“a #2107



GiFLY
. '

N
s

- . -
MMEN - TR 2mlSE COREORATIENN
™

AVOID VERBAL ORDERS

APPENDIX M-1
iy ‘ %‘T&;w--‘r\ - ’ . .
FROM 5. TGak¥on | 553/POD 35 9142 PATE 3 /00 /70
NAME GROUP NO. & NAME PLANT NO, EXY.
TO:! . NO.  D559-2-8
J. Rogers

E. Carr/W. Harsch

SUBJECT: APPROVAT, AND COMMENTS ON THE FAGLE PICHER SUPPLIED QUALIFICATION TEST

PROCEDURS, Gal~160, DATED JANUARY 25, 1072.

‘Reference: a) Contract Nas 9-1107h

b) Gruman PO No, 015161

cg Grumman cell specification AV-D559-CS«1

d) Eagle Picher Qualification Test Procedure for RSN-110 cell, dated
Jamary 25, 1972, received at Gruman on February 22, 1972. ’

Grumman hereby approves the above referenced d) plan, provided that all of the below

listed copperts are included:

S

LUASTY

10,

11.
12-
13-

Sutd

On title page - change "Qualification".to "Envirormental". {Qualification tests
include performance and envirormmental tests, as defined in Parsgraph 4.3 of the
above reference.c) cell specification),

COu wpprovel puge - same &3 aoove coument L,

On paragraph 1.1 - ditto. ‘

On paragraph 1.2, first paragraph - After "AV-DS59CS-1" - add "paragraph 4.3.2".
On paragraph 1.2, second parsgreph - remove "L,0" and replace by "k.3.2".

On paragraph 1.2, third paragraph - delete and replece by:

"A minimum of two (2) RSN-110 cells shall be tested, Development cell S/N

33 (thin plate) and development cell S/N 44 (baseline plate) and alternate cells
S/N 35 (thin plate) and /N 44 (baseline plate) were chosen by Grimman and

Eagle Picher Enginsering for these mechanical tests., Grumman QC at Eagle Picher
will be notified z minimum of 48 hours prior to start of these tests".

On paragraph 1.2, fourth paragraph, first sentence, after "Eagle Picher" add
"Grmman” . : '

On paragraph 1.2, fourth parsgraph, second sentence after "test failure" - add
"Grumpan Engineering and QC will be notified immediately and".

On paregraph 3.1 - change "gqualification" to "envirommental". After "32.0" add

. "of", After "mercury” replace "of &" by "and an ambient”. Replace"90%% by

"85%". After "voltage” add "(cell and auxiliary signal)".
On peragraph 3.2 f, g, h - add "Data Acquisition System shall be used".

On paragreph 4,0 -~ replace "qualification" by "envirormental".
On paragraph 4.1.2,.1) after "fixture" add "as shown in Figure 3".

On paragraph 4.1.2, 3) delete in its entirety and replace by:

"3) Monitor the virbration input and response (output) tothe four (4) corner
. locations in axis with tri-sxial accelerometers to determine its resonant
frequency.” '

[ GAC 877 REV. 4 - : L5 .
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1k, On parepgraph 4,1.3 add to end.of pa*a?raph "The data shall be reviewed on location
for optimum contrel points to be selscted.,’

15. On peragraph 4.2.2, 1) delete "for 5 hours of‘replace"whichever comesn flret' by
"or to a meximm cell precoure of 110 peig.”; - since cell was {ully chariced
prior to thiz charse as chown in paregraph h.6. The data acquisition uystem
shall be used for current, cuxiliary and cell voltage readings at three
(3) minute minimm icterwals. ‘

Add to end of %his paragreph "The cells pressure gage must be reroved end
replaced by a plug after completlon of this charge. In addition the cell's
auxiliary electrode siznal resistor shall te removed. The cell shall subsecuently
be electrically instlaucd from the fixture. This can be achieved by first removing
any protruding me%al pariicles on the cell-to-tfixture matinz surfaces by means

of a metal file. Ths celi shall subsequently ve wrapped in a number of layers

of Kapton, A thermocouple shall be securely mounted on an exposed cell metal
surface and insulated Trom the ambient. The cell shall then be placed in the
pixture as shown on Ficure 3 under a "clamp up" load of 6000 pounds, as specified
in paragraph 4.,5.3 of Grumman specification AV-D559CS-1., An electrical insul-
ation resis tonce check bebween cell and Tixture shall then be conducted. The
minimum acceptable resistance using a 50 VDG source shall be 50 mega-chms,

The exaect technigque used shall subsequently be described in the test report, '

16. On parazraph 4.2,2, 2) add to ernd of this paragraph "The exact mounting teclmlque
shall be described in the test report. Pictures showing details shall also be
included,”

17. On ravagreph b,2,2, 2) second sentence after "vibruted in the
sequence',

18. On parazraph 4.2.2, 4) replace “during" by"for 2 minutes prior, during and for
2 minutes after"
Delete "Test Aid #2 and replace by “Standard test set-up as used for tle cell
development tests”

19. On paragraph 4.2.2, 5) after "voltage" add ", auxiliary electrode voltage
and insulation resistance between cell case and fixture'.
Add to end of paragraph "The same parameters cshall be recorded on the data
acquisition system at 15 second intervals for the entire discharge duration as
specified above."

20. On paragrevh 4.2.2, 6) after accelerometer add "inpnt and responsze”

21. On parajraph 4.2.3, 1) replace 'sweep frequencies fer" by "Duration"
Add to end of varacraph - "Ten (10 second random burst shall be performed
and analyz=d prior +o the random rn to verify if the spectrim is within the
required tolerazncse. The 10 second burst(s),if witnhin specification, can be
considered as part of the vandom test time requirement"

"

22, On paragraph 4.3.2, 3) add after rate "for two (2) minutes prior,”.
After "during add "and for two (2) minutes after completion of"

23, On paragraph 4.3.2, 4) - See atove comment No. 19.

24, On parzazraph 4.1.2, 5) delete and replace by "-ompliance with the test tolerunces
ghall e verified by analysis of the inoub control accelerometar, The analysic
parametars shall te selected %o yield z nminimm statistical accuracy of 1Z0C
degrees of freedom, The resuliting analysis shall be presented on log-log #-Y
Plots of pover spectral density (5G/Hz) verous trequency (Hz).
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26.

27,

28,
29'
30,
31,
32.

133.
34,
35.
36.
37.

38.

39.

Lo,

L1,

Lo,
h3-i
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On paragraph 4.3.2, 6) add to end of parsgraph - "In eddition to the cell voliages,
the auxiliary electrode volbage, current and cell temperailure shall be recorded
at three (3) minute winimm intervals using the data mrequisition system,"

On parsgraph 4.3.3 -~ after voltage add "auxiliary signal and insulatilon resistance".
To end of paragraph add “A,phenolpthalein leakx test shall be conducted on all

“weld seams and terminal areas, Any positive indication shall be subject o

further leak verification,"

On paragraph 4.h.2, 1) replace "E-P Test Aid #1" by "normally used equipment
for the development cell tests including data acqu1sitloﬁ system, scanning
frequency not to exceed fifteen {15) minute intervals,”

On paragraph L4.4,2, 2) ~ same insulation requirements are appllcable as listed
in above comments no. 15, /&

On paragraph 4.4.2, 4) - see above comment no, 18,'"

On paragraph 4.4.2, 5) after current add "auxiliary and resistance between cell
and fixture”. After "oscillograph” add "and data acquisition system at 15

~second minimun scan intervals,”

On paragraph k.4.3 - see above comment no. 26,

On paragraph 4.5.2, 2) supply mounting detalls, Including detailed
photographs.

On paragraph 4.5.2, &) - see above comment no. 19, :
On paragraph 4.5.2, 5) - see above comment no, 30.
On paragraph 4.5.2, 6) ~ see above comment no, 25.
On paragraph L.5.3 - éee above comment no. 26

On paragreph 4.6 prior to 1) add "1) condltioning test per paragraph 3.6.3."
Replace "1)" by "2)" and replace "2)" vy "3)".

On paragraph 4.6, add to end of paragraph - "The cell's pressure gage and the
cell auxiliary reslstor shall be attached to the cell during all of the
electrical tests,

On paragraph k.6 - sdd another paragraph - "Visual inspection - The cell will
be visually inspected for defects. Any defects noted will be recorded and close-
up photographs showing details will be taken,"

Add "paragraph 4.7 -

Cell Dissection -~ After completicn of the cellts environmental and functional
tests specified herein the cell\s) will be dissected and examined for mechanical
integrity. Specific emphasis on the integrity of all weld joints, terminal seals,
electrode mechanical integrity, electrode tab position (distortion), separator
and case liner position and condition, locge particle presence and position, ete,
Detail photographs of all components and microphotographs of all possibly damaged
or degraded components will be taken and supplied with the test report. .

On Figure no,. 1 - Include auxiliary signal voltage, thermocouple and data
gsequisition system (1natead of volimeter).

On Figure no, 2 ~ sec cowment no. k1.

On Filgure no, 3 - Fagle plcher is hereby requested to furnish fixture details to
Grunman prior to start of these envirommental tests. Specifically required are:

Y7
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a) Pixture materizl and dimensions.

b) Hardware - quantity and tvpe.

¢) Mounting provisions to shaker,

d} How is the require 6000 lbs. cell restraining force accomplished?

INFO ce:

J. Cioni NASA/MSC

F. Ford NASA/GSFC -
T, Hine

R, Mallard GAC at EF

E., Miller

S. Orehosky

R. Sablich

W. Thomas

R, Wannamaker

M, Wertheim '
A. Winegard/B. Lijoi
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5. Gagon 553/70D 35 o2 PATE W19/72

HAME GROUP ND, & NAME ' PLANT WO EXT. .
J. Rogers : ‘ NG D559-2-15

E. Carr/W. Harsch

-

S BUBJECT: . 100 AN BATTERY DIVELOPMENT PROCRAM -~ FINALIZED ENCIRONMENTAL TES PROCEDURE

Reference:

a) Contract NAS 9-1107h
b) CGrumman 0 #015161
2) Eagle-Picher qual. test procedure GTP-169
d) Crumman AVO D559-2- -8, on Approval and Comments on EP Qual, Test Preocedure
QTP-1.69
) EP Corments on Grumman AVO DBS} 2*8 llsted in EP letter dated h/h/TE.

ure: Pagle Picher letter, dated April k, 1972

PURFOSE:

It is the purpose of this AVO to resolve the Bagle-Plcher exceptions taken to
the avove reference d) document. (Thls exceptions are shown in the attached enclosure ).
All of thooe exceptions werve subseguently discussed and uommunly resolved ger telecon

on 4/17/72 between S. Gaston and W, Harsch.

FINATIZED TEST PROCEDURE:

The below listed comments plus the EP document (shown in the attaciment), the Citmmmaen
AVO D559-2-8 and the EP qual test procedure QTP-169 will form the approved applicable
test procedure for the envirommental fests for development cells S/N 33 and hh (or
designated alternate celle), '

Below listed are the commonly telecon resolved items in reference to the EP exceplicns
Ligted in the attachment:

1. &P comments 5, 10, 18 - Acceptable, _

2, BPF cowmsent 15 -~ Acceptable, however, the second paragreph of item 15 of above
referenced d) document, except for the sixth sernteénce on "Thermocouple Mounting",
ig alse applileable, ‘

3, FEP comments 19, 23 and 33 - Auxiliary signal 1s to be measured and recorded.

The insulziion resistance shall be measured and recorded between each envivommental
" test, as a mindimuu. The insulation resistance neasw ement during the env, test is
" desirable, bub not required. '

I, EP comment 20 -~ Input and responze accelercmeiers will be recorded (no double
rmm is §equired, one set of data will ke rccorded on tepe and played back afiter
the ). :

FEALAC-TS . K79
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i

P cowment 21 - deznner and 10 second burst are acceptable,
Goo 2 copment 2h - Accoptable, hliminate "120 degrees of freedom
Hegulrement (no 135 nirate runi).
. Y2 comments 20, 31 and 3G - Same as comment 3 above ~ The phenolphthalein leak
Test 1s to e included,
3. P comments 30 and 34 - Came asg above comments 1 and 3.
7 Clarirication - All electriecal cell data shall either be recorded on the CBC
syztem (for enviion, runs)} or on the LS data acoulsition system (for other
charges or dischavges - equal time recording intervals shall be selected

for ease of data reduction of the tape output).

.70 ces

J. Cloni
¥, Ford
M, Hine
A, ailard
T, TEller

2. atlich
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EAGLE-PICHER INDUSTRIES, INC.

ELECTRONICS DIVISION « P.O. BOX 47, JOPLIN, MISSOURI (4801

4 April 1972

Grumman Aircraft Engilneering Corporation
Bethpage, Long Island, New York 11714

Attention: Mr. Jack Rogers
Plant 25

Subject: Schedule for the Cunstruct1on & Testing
of the Parametric Cells

| Reference: a) Contract NAS9-11074
b} Grumman P.0. #015161
¢) ' Grumman AVO D559-2-8, Dated 3/22/72

d)y " AVO D559-2-2, Dated 1/26/72
e) " AVO D559-2-2A, "o2/23/72
£) " AVO D559-2-6, ' 2/28/72
g) - AVO D559-1-24, " 8/20/71
h) .. AVO D559-2-9, " 3/27/72

Gentlemen:

In response to the above Ref. h, Grumman AVO and to avoid
any further schedule delay, the following actlon will be taken:

1. Environmental Tests on the Present Design Cells (Ref ¢)
Eagle-Picher has received GAC comments on QTP-169, Environmental

Test Procedure., All changes have been made with the exception of
the following:

Comment No. (Ref <)

5 Instead of replacing 4.0 with 4.3.2, "of this pracedure"
has been added to chis paragraph, -

10 Paragraph 3.2 £, g, h are tolerances for the measurements
taken, regardless of the system used.

15 ,In-response to this comment, the following procedure for
Paragraph 4.2.2 is presented.

1) - Verify that the cell pressure gage and auxiliary
electrode resistor has been removed and the cell
resealed with a plug.

2) Mount the cell in the fixture as shown in Figure 3.

3) " conduct an electrical insulation resistance check between
cell andsfixture. The minimum acceptable resistapce using

481



GAEC
Pape 2

4 April 1972
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19

20

21

23

24

26

30
31
33
34

36

a 50 VDC source shall be 50 mega-ohms,

4) Connect the cell to charge panel, E-P Test Aid #1,
Figure 1 and charge at 30 amps for 5 hours or to a
cell voltage of 1.50 volts, whichever comes first,

5) Subject the cell to, eate,

The requested discharge time has been incorporated, however,
the data acquisition system will not be used for this part

of the test., A continuous CEC recorder is being used. Addi-
tional recording would be a duplication and require additional
personnel to conduet the test.

This change has not been made. Recording the auxiliary eleg-
trode voltage without the resistor installed and the insulation
resistance between cell case and fixture would require addi-
tional recording equipment and does not provide meaningful

data as to the effect of vibration on the cell.

The vibration equipment being used can only plot one accelero=
meter at a time, therefore, to plot both input and response,

- Tyl A -~ s h R T :
the test would have £ be run teies

L

Normal verification of test tolerances for random vibration is
done visually by reading each 50 cycle bandwidth channel meter.
A plot can be made of the ilnput by using a scanner. If this
scanner is used, it wilt require at least a 30 second burst

and will weasure the dverage power per each 50 cyele bandwidth,
To conduct an analysis of the continuous frequency spectrum,

it would wean using a tracking filter and recording on magnetic
tape. This tape would then have to be fed back through the
X-Y plotter to get a continuous power spectral density., It is
recommended that we use the scanner and 30 second bursts,

Same as Comment 19,

Same as Comment 21 and, in addition, 120 degrees of freedom
would require a run of 45 minutes/axis,

Same as Comment 19, The phenolphthalein leak test has been
added, ‘

Same as Comnent 18 & 19
Same as Comment 26
Same as Commeng‘19

Same as Comment 30

S5ame as Comment 26

L8o
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-

If approval is granted for QTP-169 with the above exceptions,

the Envirommental Tests will be completed during the month of April.

2.

-

_and submitted.

Mechanical Solutions on the Auxilliary Electrode Tab~to-Can Weld and
Finalization of Cell Drawings (Ref, d & g)

Eagle-Picher has revicwed the findings and recommendations listed in
Grumman AVQO D559-2-2, dated 1/26/72. The method presently being used
to attach the auxiliary electrode to the cell container has been a
standard method at Eagle-Picher since the conception of auxiliary
electrodes., No cell failure has ever been caused by the auxiliary
tab shorting to the storage electrodes. A problem of keeping the
auxiliary tab from bending during final cell closure does exist,
however, this can be controlled by X-raying the cell before welding

+ the cover. If the tab is shown to be bent, the internal cell pack

can be removed and the electrode repositioned. An X-ray after weld-
ing will verify that the electrode is properly attached,

GAC preferred design (Ref d) requires the welding of a small stainless
steel tab on a flat surface of the cover. This type of welding is
very ¢ifficult and grasants a nosadhls Tenle nash  A1-n ahin dozisn
does not eliminate the possibility of ‘the auxiliary electrode moving
causing a bend in the auxiliary tab. The alternate design presents
the problem of spotwelding dissimilar materials and does not eliminate
the possibility of the auxiliary electrode moving during final cell
closure, ' : '

Eagle-Picher recommends that the present method be used, but that

- tighter controls during installation be used, Also that X~rays be

made of this important area.

Cell drawings reflecting GAC édmments (Ref g) have been completed

Submittal of Electrode Construction and Control Data

All cell data has Been submitted to GAC. 1If additional data 1s needed
please specify the specific data required.

Schedule of terminal construction and date when samples will be sub-
mitted to Grumman for aualysis.

Ceramaseal is to wake a few seals for test beginning on 3/31/72.
Delivery of these seals will be immediately thereafter., Terminal
constrvction will begin after approval of samples.
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Updating of Ratio Test Plan and Submittal €o Grwmnan {Ref f)

The updated ratio test procedure will be submitted by 4/7/72,
Submittal of an updated Quality Assurance Plan.

The updated quélity assurance plan will be submitted by April 7,
Submittal of the Cell Ac;ePtance Test Plan

The Acceptance Test Plan (ATP-251) will be resubmitted by April 7.
Cell Construction, Test and Delivery Dates for Both Cell Groups

A schedule for the parametric test cells is included in this letter.
The schedule for the rewaining cells is based on the amount of time
required to test the parametric cells at GAC.

Very truly yours,

P R . ~os Va V4

£l At gt e AL e
William C. Harsch
Project Eungincer

bd

J. Cioni
F. Ford
S. Gaston
A. Cook
E. Carr
J. Dines
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APPENDITY M-2

DATAFAX 5 July 1972
To: Jim Cioni; EP=5 : Steve Gaston x 274l
RASA/MSC ~ GAC
(Manned Spacecraft CTR.) POD Section PL. 35 |
Houston, Texas 77058 Bethpage, L. I., New York 11714

Subject: Envirommental Testing of RSN-110 Cells S/N 33 & ik
Cowtract Ho. 0-15161
Prime Contract NAS 9-110Th

Enviromental testing of RSN-110 cells 8/N 33 & 4% began on 6/21/72 per
Eagle-Picher Test Procedure, QTP-169.

8/N 33 was the Tiret cell to be vibrated. The vibration levels were 0.5
inch D.A. for 5-35 Hz and 30 g's for 35-2000 Hz. The cell was discharged at
50 amps during vibration and a contimuous recording was made of the terminal
voltage, current and auxiliary electrode voltage (without load resistor).
During the first axis (X-X') of sine vibration, the recording shows an erratic
auwxdliary electrode voltage for approximately 30 seconds &t about 150 Hz at
30 g's. Everything else appeared normal during this axis. The Y-I' axis ran
pormally with the exception of spikes on the auxiliary electrode voltage at 1.5
mimztes into the dlscharge. During the Z-2' axis of sine vibration, the cell
terminal voltage bad a sharp drop from 1.20 volts to 1.16 volts between 900 and
1000 Hz. The suxiliary electrode wvoltage also showed this decrease. It was de~
cided not to rin random vibration on this cell.

S/N 44 was vibrated next and appeared normal through both sine and random
vibration.

After vibration, both cells were cycled to verify capacity. S/N 33 delivered
L0 ampere-hours and S/N 44, 102 ampere-hours. The cells were then X-rayed to try
to determine the reason for the capacity losses. The cells were x-rayed through
all corners and edges and in the area of the suxilliary electrode. TNo abnormslities
could be geen on the X-rays with the exception of the auxillary electrode tabs

being slightly bent. With GAC concurrence, S/N 33 vas opened and visually

examined. All but L4 plates showed degrees of breakage. All the plate damage was
confined to the tab area. The plate-to-tab welds were Intact but the plates were
torn just below the tab welds. Everything else in the cell appeared normsl. S/XN
bl was not opened, but it is belleved that this cell ils in the same condition but

at a lesser degree.

It is our conclusion that the 30 g sine vibration level is excessive and that
this cell design cannot withstand these levels without a major redesign. We
recogpmend that a review be made of the vibration regquirements for the purpose of .
lowering the levels.

No further action is planned on these cells untll Eagle-Picher and Grumman
Engineering have completed the analysis and concurred on & plan of actlon.

William C. Harsch

Page 1 of 1
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T NAME GROUP NO. & NAME ' PLANT NO. EXT. :
To:r . | 'NO.D559-2~29

e J .\Rog;'ers, Subcontracts .
5 W. Harsch/E, Carr, Esgle-Picher

SUBJECT,,

eference: a) Contreact NAS 9-1107h:
’ ' b) Grumman FO 0-15161

'‘e¢) Bagle Picher "Envimnmental Test Procedure for Eagle-Picher Cell
. ‘RSN-110", QTP-169

- a) Delecons: S. Gaston/M, Wert;heim with W, Harseh/E. Carr, 6/22/72
Lol itnmugh 7/5/72 i o

|

Pursuant to the reference d). telephone conversations relating to fail,ures
on cell S)‘N 33 ring slnusdidal vibration, pleace revise the reference c)
- test plen as fo . SR s _ .
"i.f:;.l. Para. N2, 2-5) -- change levels as. follows: Ce e
A - ‘Frequency Range (Hz) Accelera.tiox: (0 %o yea